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1. This technical data may be controlled under U.S. Export Administration Regulations 
and may be subject to the approval of the U.S. Department of Commerce prior to 
export. Any export or re-export directly or indirectly, in contravention of the U.S. 
Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this databook are not authorized for use as critical 
components in life support systems without the written consent of the appropriate 
officer of Toshiba America, Inc. Life support systems are either systems intended for 
surgical implant in the body or systems which sustain life. 

A critical component is any component of a life support system whose failure to 
perform may cause a malfunction or failure of the life support system, or may affect its 
safety or effectiveness. 

3. The information in this databook has been carefully checked and is believed to be 
reliable, however, no responsibility can be assumed for inaccuracies that may not have 
been caught. All information in this databook is subject to change without prior notice. 
Furthermore, Toshiba cannot assume responsibility for the use of any license under 
the patent rights of Toshiba or any third parties. 
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1. CMOS DYNAMIC RAM 




ORGANIZATION, 

RAS 

CAS 

POWER DISSIPATION 

PIN 



PACKAGE WIDTH 



OPERATING 

ACCESS TIME 

ACCESS TIME 

MAX(mW) 

COUNT 

PACKAGE 

(P.J.FT) 

CAPACITY 

PART NUMBER 

MODE 

MAX (ns) 

MAX (ns) 

ACTIVE 

STANDBY 


P J 2 

FT 

OR HEIGHT (2) finch) 


TCS11000AP/AJ/AZ-70 


70 

20 

440 



■ ■ ■ 




TC511000AP/AJ/AZ-a0 


80 

385 

5.5 


■ ■ ■ 




TC511000AP/AJ/AZ-10 

1Mx1, 

100 

25 

330 



■ ■ ■ 




TC511000APL/AJLyAZL-70 

FAST 

70 


440 



■ ■ • 




TC511000APL/AJUAZL-eO 

PAGE 

MODE 

80 

385 

1.1 


■ ■ ■ 




TC511000APL/AJL/AZL-10 

100 

25 

330 


18(P) 

■ ■ • 




TC511000BPyBJ/BZ/BFT-60 

60 


495 

5.5 


■ ■ ■ 

a 



TCSIlOOOBPL/BJL/BZLBFR-eO 


20 

1.1 

26/20(J) 

■ ■ ■ 

a 



TC511001AP/AJ/AZ-70 

IMxl, 

NIBBLE 

TO 

440 



■ ■ B 




TC511001AP/AJ/AZ-80 

80 


385 


20(Z) 

■ ■ B 




TC511001AP/AJ/AZ-10 

MODE 

100 

25 

330 



B ■ B 


0.300 (P) 


TC511001BP/BjyBZ/BFT-60 


60 


495 


24ffT) 

■ ■ B 

a 



TCS11002AP/AJ/AZ-70 

IMxl, 

70 

20 

440 



B ■ B 


0.300 (J) 


TC511002AP/AJ/AZ-80 

STATIC 

80 


385 

5.5 


a B B 




TC511002AP/AJ/AZ-10 

COLUMN 

100 

25 

330 



B B B 


0.400(2) 


TC511002BPyBJ/BZ/BFT-60 

MOOE 

60 


495 



a a B 

B 


1M 

TC51425eAP/AJ/AZ-70 


70 

20 

440 



B a B 


0.616 (FI) 


TC51425SAP/AJ/A2-eO 


80 


385 



B a a 



TC514256AP/AJ/AZ-10 

2S6KX4. 

100 

25 

330 



B a a 




TC514256APUAJtyAZL-70 

FAST 

70 

20 

440 



B a B 




TC514256APL/AJL/AZL-80 

PAGE 

MOOE 

80 

385 

1.1 

20(P) 

Baa 




TCS14256APL/AJiyA2L-10 

100 

25 

330 



a a a 




TCS14256BP/BJ/B2/BFT-60 


60 


495 

5.5 

26/20<Z) 

Baa 

a 



TCS142S6BPUBJL/BZL/BFTL-60 


20 

1.1 


B a a 

a 



TC514a58AP/AJ/A2-70 

2S6Kx4, 

70 

440 


20(2) 

■ a a 




TC514258AP/AJ/AZ-80 

STATIC 

80 


385 



• a a 




TCS14258AP/AJ/AZ-10 

COLUMN 

100 

25 

330 


24(FT) 

. . . 




TC5142588P/BJ/BZ/BFT-60 

MOOE 

60 


495 

5.5 



a 



TC514266AP/AJ/AZ-70 

2S6KX4. 

WRITE 

PER 

BIT 

70 

20 

440 







TC514266AP/AJ/AZ-80 

80 


385 



a a a 




TC514266AP/AJ/AZ-10 

100 

25 

330 



a a a 




TC514266BP/BJ/BZ/BFT-60 

60 

20 

495 



a a a 

B 



P = PLASTIC DIP. J = PLASTIC SOJ, Z = PLASTIC ZIP. FT = PLASTIC TYPE ITSOP 






















2. MODULES 





ACCESS TIME 

NO. OF 

DIMENSIONS (mm) 


CAPACITY 

TYPE NO. 

ORGANIZATION 

tRAC 

PINS 

HEIGHT 

LENGTH 

WIDTH 

COMMENTS 


THM82500AS/ASG-70/80/10 

256Kx8 

70,80.100ns 






2MB1T 


60ns 

30 

17.9 

88.9 

5.08 

USING 1M DRAM 

THM92500AS/ASG-70/80/10 

256Kx9 

70,80.100ns 


THM92500BS/BSG-60 

60ns 







BrnBEBom 


70.80.100ns 


20.45/22.60 

88.9/79.75 

5.08 



THM81000BS/BL-60 

1Mx8 

60ns 



8MB1T 


70.80,100ns 

30 

12.64 

82.14 

8.89 

LOW PROFILE 

THM81020BL-60 


60ns 



THM81070AS/AL-60/70/80/10 


60.70.80.100ns 


15.24 

88.9 


USING 4M DRAM 


THM322500AS/ASG-70/8Q/10 

256Kx32 

70.80.100ns 

72 

25.4 

107.95 

5.08 

SINGLE-SIDED 



60ns 


THM91OOOAS/ASG/AL-70/80/10 


70.80,100ns 


20.45/22.60 

88.9/82.14 

5.08 




1Mx9 

60ns 

30 


9MBIT 


70,80,100ns 

12.64 

88.9 

8.89 

LOW PROFILE 

THM91020AL-60 


60ns 



THM91070AS/AL-60/70/80/10 


60,70,80,100ns 


15.24 

88.9 

5.08 

USING 4M DRAM 



256Kx36 

70.80.100ns 

72 

25.4 

107.95 

5.08 

SINGLE-SIDED 


THM362500BS/BSG-60 

60ns 

10MBIT 

THM402500ASG-70/80/10 

256KX40 

70,80,100ns 

72 

25.4 

107.95 ‘ 

5.08 

SINGLE-SIDED 

THM402500BSG'60 

60ns 

16MB1T 

THM325120AS/ASG-70/80/10 

512KX32 

70,80,100ns 

72 

25.4 

107.95 

8.89 

DOUBLE-SIDED 

THM325120BS/BSG-60 

60ns 

18MBIT 

THM365120AS/ASG-70/80/10 

512Kx36 

70,80.100ns 

72 

25.4 

107.95 

8.89 

DOUBLE-SIDED 

THM365120BS/BSG-60 

60ns 

20MBIT 

THM405120ASG-70/80/10 

512Kx40 

70.80,100ns 

72 

25.4 

107.95 

8.89 

DOUBLE-SIDED 

THM405120BSG-60 

60ns 

































































































































1M DRAM COMPONENTS 



TCS142S6BP/BJ/B2/BFr-60 


TC5142SeAPUAJUA2UBrrL-tO 


TCS142SaAP/AJ/A2yBFT-10 


TC 5142 G 6 aP/BJ/BZ/BFr-eO 


TC51426GAP/AJ/AZ/BFT-70 


TC514266AP/AJ/AZ/BFT-60 


TCS142G6AP/AJ/AZ/BFT>10 



:FAST PAGE uaoej 
BYTE WRITE, 

LOW POWER VERSOM 


;FAST PACE WOrt^' 
WRITE PER S>rr.' 

LOW POwTR v-tpSOH 


3 



























1M DRAM MODULES 


IMDRAM 

MODULE 


60NS 


70NS 


SONS 


100NS 


1 

1 

1 


1 

1 

256KX8 

■ 

■ 


1 

1 

THM82500AS/ASG-70 

1 


1 

■ 

THM82500AS/ASG-10 

1 



1 


1 




1 


1 


^2S6Kx9 

1 

■ 


1 

■ 

THMg2S0OAS/ASQ-70 

- 

THM92500AS/ASG-B0 

1 

1 

THM92500AS/ASG-10 




1 


1 




1 


■ 

■ 

1 

1 


■ 

II 

^1Mx8 

■ 

THM81000B&BL-60 

1 

■ 

THM81000ASAL-70 

- 


1 

■ 

THM81000AS/AL-10 








■ 


THM81020BL-60 

1 

THM81020AL-70 



1 

THM81020AL-10 















1 

THM81070AS/AL-60 


THM81070AS/AL-70 

- 

THM81070AS/AL-80 


THM81070AS/AL-10 




1 

1 










']256Kx32 



THM322500AS'ASG-70 

-|tHM322500AS/ASG-80 


TMM322500AS/ASG-10 













9MBit 

1 

1 

jiMxg 

1 

11 




- 

rHM91 OOOAS/ASG/AL-80 


rHM91000AS/AS&AL-10 | 



_ 













|THMgi020BL-60 


THM91020AL-70 

- 

THM91020AL-80 


THM91020AL-10 




1 











u 

|THMgi070AStAL-60 


THM91070ASAL-70 

- 

THM91070AS/AL-B0 


THM91070ASfAL-10 




■ 










^256Kx36 

1 

■ 


■ 

THM362500AS/ASG-70 

- 

THM362500AS/ASG-B0 

■ 

THM362500ASfASG-10 













j 

10M Bit 

■ 

1 

2S6K)(40 

■ 

1 

THM402500BSG-60 

■ 

1 

THM402500ASG-70 

- 

THM402500ASG-80 

■ 

1 

THM402500ASG-10 | 




■ 









1 

16M Bit 

■ 

1 

j512Kx32 

■ 

1 


1 

1 

THM325120ASiASG-70 

- 

THM325120AS/ASG-80 

1 

■ 

THM325120AS/ASG-10 | 


■bhhh 

pummun 

1 


1 




1 



1 

1 

18MBit 

1 

1 

■j512Kx36 

1 

1 

[rHM3651208S/BSG-60 

1 

1 

THM365120AS/AS6-70 

- 

THM365120AS/ASG-80 

1 

1 

THM365120AS/ASG-10 | 


ihihh 

IBHHI 

1 


1 




1 




20M Bit 

1 

1 

512KX40 

1 

■ 

THM405120BSG-60 

1 

■ 

THM405120ASG-70 

- 

THM405120ASG-80 

1 

1 

THM405120ASG-10 


4 
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1. 1M x1 DYNAMIC RAM 


FUNCTION 

FAST PAGE 

NIBBLE 

STATIC COLUMN 

TOSHIBA 

TC5110OOBP/BJ/B27BFT 

TC511001BP/BJ/BZ/BFT 

TC511002BP/BJ/BZ/BFT 

HITACHI 

HM511000AP/AJP/A2P 

HM511001AP/AJP/AZP 

HM511002AP/AJP/AZP 

NEC 

UPD421000C/UW 

UPD421001C/LAA/ 

UPD421002C/LA/V 

MITSUBISHI 

M5M41000AP/AJ/AL 

M5M41001AP/AJ/AL 

M5M41002AP/AJ/AL 

OKI 

MSM511000RS/JS/ZS 

MSM511001RS/JS/ZS 

MSM511002RS/JS/ZS 

FUJITSU 

MB81C1000P/PJ/PSZ 

MB81C1001P/PJ/PSZ 

MB81C1002P/PJ/PSZ 

MICRON 

MT4C1024PD/DJA/ZB 

MT4C1025PD/DJA/ZB 

MT4C1026PD/DJA/ZB 

Tl 

TMS4C1024N/DJ 

TMS4C1025N/PJ 

TMS4C1026N/DJ i 

SIEMENS 

HYB511000 


HYB511002 

VITELIC 

V53C100 


V53C102 


















































2. 256KX 4 DYNAMIC RAM 


FUNCTION 

TOSHIBA 

HITACHI 

NEC 

MITSUBISHI 

OKI 

FUJITSU 

MICRON 

Tl 


FAST PAGE 

FAST PAGE STATIC COLUMN WRITE PER BIT 

TC514256BP/BJ/BZ/BFT TC514258BP/BJ/BZ/BFT TC514266BP/BJ/BZ/BFT 

HM514256AP/AJP/AZP HM514258AP/AJP/AZP HM514266AP/AJP/AZP 

UPD424256C/LA/V UPD424258C/UVV UPD424266C/LA/V 

M5M44256BP/BJ/BL/BVP/BRV M5M44258/BP/BJ/BL/BVP/BRV M5M44266BP/BJ/BL/BVP/BRV 


MSM514256RS/JS/ZS 


MSM514258RS/JS/ZS 


MB81C4256P/PJ/PSZ 


MB81C4258P/PJ/PSZ 


MT4C4256PD/DJA/ZB 


MT4C4258PD/DJA/ZB 



TMS44C256N/DJ 



VITELIC 


V53C104 


V53C106 


V53C105 










































3. DRAM MODULE 


ORGANIZATION 

256Kx8 

256KX9 

1Mx8 

— 

256KX32 

1Mx9 

256KX36 

256KX40 

512KX32 

512KX36 

512KX40 

TOSHIBA 

THM82500 

THM92SOO 

THM81000 

THM322500 

THM91000 

THM362500 

THM4O2SO0 

THM325120 

THM365120 

THM405120 

FUJITSU 


MB85240 

MB85230 

■ 

MB85235 

MB8S236 




MB85254 

HITACHI 

HB561008 

HB561003 

HB56A18 


HBS6A19 

HBS6D2S636 



HBS6DS1236 


MITSUBISHI 

MH25608 

MH2560d 

MH1M08AOJ 


MH1M09AOJ 

MH2S636AJ 



MH51236AJ 


NEC 

MCI 57 

MC412S6A9 

MC42100A8 


MC421000A9 

MC424256A36 



MC424S12A36 


OKI 

MSC2328 

MSC2331 

MSC2313 

MSC2327 

MSC2312 

MSC2320 


MSC2333 

MSC2321 


NMB 



MM1M100J8 


MM1M100J9 






Tl 

TM4256GU8 

TM42S66U9 

TM024GA08 


TM024EAD9 






MICRON 

MT8C8256 

MT8C92S6 

MT8C8024 


MT8C9024 

MT8C36256 



MT8C36512 
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PREFIX 


GUIDE 


-SPEED: -60 » 60n8 

-70 - 70n8 
-80 > 60n8 
-10 » 100n8 

- POWER: L-LOW POWER 

» STANDARD 

-PACKAGE: P - 300 MIL PLASTIC DIP 

J »: 300 MIL SOJ 
Z > 400 MIL ZIP 

-DIE REVISION 

- CONFIGURATION 

1000 » IMxl, FAST PAGE MODE 

1001 > IMxl, NIBBLE MODE 

1002 » IMxl, STATIC COLUMN MODE 
4256 - 256KX4, FAST PAGE MODE 
4258 - 256KX4, STATIC COLUMN MODE 
4266 » 256KX4. WRITE PER BIT MODE 










300 MIL WIDTH DIP OUTLINE DRAWING 


Unit in mm 



Note: Package w!di.h and length tie not include mold protrusion, allowable mold protrusion is 0.15mm. 


12 

















lEa nirrgi 


! mold protrustion, allowable mold protrusion is 0.15mm. 
















400 MIL HEIGHT ZIP OUTLINE DRAWING 



Kote; Package width and length do not include mold protruaion, allowable mold protnioion b 0.15mm. 


14 


3 . 5 ± 0.3 







0 0|-^| l OT Z O 



Note; Package width and length do not include mold protrusion, allowable mold protrusion is 0.15mm. 
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400 MIL WIDTH SC3J OUTLINE DRAWING FOR 
64Kx16 DRAM’S AND 128Kx8 VRAM’S 

- Unit in mm 



Weight; 1.54g(TYP.) 


16 


9.3TYP 






475 MIL HEIGHT ZIP OUTLINE DRAWING 
FOR 64Kx16 DRAM’S AND 128Kx8 VRAM’S 



3.05MAX 




Weight: 3.35g (TYP.) 


1 2.07MAX 















400 MIL HEIGHT ZIP OUTLINE DRAWING FOR 256Kx4 VRAM’S 


• Plastic ZIP 
ZIP28-P.400 

Unit: mm 
























1,048,576 WORD X 1 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC511000BP/BJ/BZ/BFT is the new generation dynamic RAM organized 1,048,576 words by 1 
bit. The TCSllOOOBP/BJ/BZ/BFT utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TCSllOOOBP/BJ/BZ/BFT to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size 
provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 1 bit organization 

• Fast access time and cycle time 



TC511000BP/BJ/B2/BFT-60 

tRAC RAS Access Time 

60ns 

tAA Column Address 
Access Time 

30ns 

kAC CAS Access Time 

20ns 

tRc Cycle Time 

110ns 

tpc Fast Page Mode 

Cycle Time 

40ns 


• Single power supply of 5V±10% 
with a built-in Vbb generator 


PIN CONNECTION 


• Low Power 

495mW MAX. Operating 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capability using “EARLY 
WRITE” operation 

• Re^ -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test capability 

• All inputs and output ITL compatible 

• 512 refresh cycles/8ms 

• Package TC511000BP : DIP18-P.300C 

TC511000BJ : SOJ26-P-300 

TC511000BZ : ZIP20-P.400 

TC511000BFT : TSOP24-P-0616 


Plastic DIP 


Plastic SOJ 


Plastic ZIP 





A9 

h- 

Dour 

r4== 

Din 

?r:: .T= 

ra5 

Is" 

N.C. 

9.J 

AO 

11! 


<12 

A2 

m r,v 

Vcc 

riV 

AS 

17! Fv 


'18 

A7 





Ca5 

Vss 

WRITS 

TF 

A1 

A3 

A4 

A6 

A8 


PIN NAMES 


HBHil 

Address Inputs 


Row Address Strobe 


Data In 


Data Out 


Column Address Strobe 


Read/Write Input 

1^1 

Power (+ SV) 

ra 

Ground 

Isai 

Test Function 

BBHB 

No Connection 
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BLOCK DIAGRAM 


Write o- 


US o- 




TF O 


AO O*- 
A1 o*- 
A2 o*- 
A3 O-^ 
A4 <>► 
AS 

A6 O-*- 
A7 < 

A8 

A9 




N0.2 CLOCK 
GENERATOR 




1C55< 


COLUMN 
ADDRESS 
BUFFER (10) 


REFRESH 
COUNTER (9) 


s 


ROW 
ADDRESS 
BUFFER (9) 

"T" 


N0.1 CLOCK 
GENERATOR 


REFRESH 
CONTROLLER 
-1—- 


DATA IN 
BUFFER 


DATA OUT 
BUFFER 






1 


COLUMN 

DECODER 


— 2048 - 


kO D,n 


ko DouT 


SENSE AMP. 
I/O GATING 





Ui 

1 

MEMORY 

o o 

t3C U 

512 

ARRAY 

1X1 

1 


o 




r 


SUBSTRATE BIAS 
GENERATOR 


Vcc 

Vjj 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V.N 

-)-»7 

V 

1 

Test Function Input Voltage 

V|N(TF) 

-1~10.S 

V 

1 

Output Voltage 

VOUT 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

•c 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

'C • sec 

1 

Power Dissipation 

Po 

600 

mW 

1 

Short Circuit Output Current 

'out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = O-yO^C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 

V|H (TF) 

Test Enable Input High Voltage 

Vcc+ 4.5 

- 

10.5 

V 

2 

V|L(TF) 

Test Disable Input Low Voltage 

-1.0 

- 

Vcc+1.0 

V 

2 
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TC5110OOBP/BJ/BZ/BFT-60 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%. Ta = 0~70“c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

icci 

OPERATING CURRENT 

Average'Power Supply Operating Current 
(RaS, tAS, Address Cycling: tgc^tac MIN. ) 

TC51 lOOOBP/BJ/ 

BZ/BFT-60 

■ 

90 

mA 

3,4 

S 

1CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS * V|h) 

■ 

2 

mA 

■ 

lea 

ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS = Vih; tRc = tRC ^^IN. ) 

TC511000BP/BJ/ 

BZ/BFT-60 

■ 

90 

mA 

B 

lcc« 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS »ViL, cAs, Address Cycling: tpc*tpc MIN.) 

TC511000BP/BJ/ 

BZ/BFT-60 

■ 

60 

mA 

3,4 

5 

lees 

STANDBY CURRENT 

Power Supply Standby Current 
(RASVcc-0.2 V) 

■ 

■ 

mA 

1 

Icc6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CAS Cycling: tpcstnc MIN. ) 

TC511000BP/BJ/ 

BZ/BFT-60 

■ 

90 

mA 

3 

'l(L) 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input 
(OVSVinSE.SV, All Other Pins Not Under Te$t = 0V) 

-10 

10 

pA 

B 

•iTML) 

INPUT LEAKAGE CURRENT (only TF) 

(OVSViN (TF) S Vcc + 0.5V, All Other Pins Not Under Test = 0V) 

-10 

10 

pA 

B 

lo (L) 

OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, OVSVqut^S.SV) 

-10 

10 

pA 

B 

Itf 

TEST FUNCTION INPUT CURRENT 
(Vcc-F4.5VSV,NCTf) SI0.5V) 

■ 

■ 

mA 

B 

VoH 

OUTPUT LEVEL 

Output ”H’ Level Voltage (Iqut = - 5mA) 

D 

■ 

D 

B 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

■ 

D 

B 

B 
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TC511000BP/BJ/BZ/BFT-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%, Ta = 0~70°c)(Notes6, 7, 8) 




TCS11000BP/BJ/BZ/BFTL-60 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write Cycle Time 


Access Time from BaS 


Access Time from CAS 


Access Time from Column Address 


Access Time from CaS Precharge 


CaS to Output in Low-2 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


Ra 5 Precharge Time 


1?^ Pulse Width 


BaS Pulse Width (Fast Page Mode) 


Ba 5 Hold Time 


BaS Hold Time From Ca 5 Precharge (Fast Page Mode) 


CAS Hold Time 


Ca 5 Pulse Width 


RAS to CAS Delay Time 


RAS to Column Address Delay Time 


CaS to RaS Precharge' Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced to BaS 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time referenced to RaS 


Write Command Hold Time 






















































































































TC5110OOBP/BJ/BZ/BFT-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPEFWING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

twCR 

Write Command Hold Time referenced to RaS 

twp 

Write Command Pulse Width 

tRWL 

Write Command to RAi Lead Time 

tcWL 

Write Command to CAS Lead Time 

tos 

Data Set-Up Time 

tCH 

Data Hold Time 

tpHR 

Data Hold Time referenced to RAS 

tREF 

Refresh Period 

twcs 

Write Command Set-UP Time 

tcWD 

CaS to wRifE Delay Time 

tRWD 

RAS to wRiTE Delay Time 

^AWD 

Column Address to WRITE Delay Time 

tCPWD 

CaS Precharge to WRITE Delay Time 

tCSR 

CAS Set-Up Time 
(CAi before RAS Cycle) 

tCHR 

CAS Hold Time 
(C53 before RA5 Cycle) 

tppc 

RAS to CAS Precharge Time 

kPT 

CAS Precharge Time (CAS before RAS Counter Test 

Cycle) 

tTES 

Test Mode Enable Set-Up Time referenced to RA5 

tTEHR 

Test Mode Enable Hold Time referenced to RAS 

tTEHC 

Test Mode Enable Hold Time referenced to CaS 



CAPACITANCE (Vrr = 5V± 10%. f= 1MHz. Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (A0~A9, Din) 

- 

5 

PF 

Cl2 

Input Capacitance (RAS, CaS, WRITE, TF) 

- 

7 

Co 

Output Capacitance (Dout) 

- 

7 
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TC511000BP/BJ/BZ/BFT-60 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss. 

3. Icci. ICC3. IcC 4 , IcC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS=Vil and CAS=Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before HAS 
initialization cycles instead of 8 EA5 cycles are required. 

7. AC measurements assume tT=5ns. 

8. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF, 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CaS leading edge in early write cycles and to WRITE leading 
edge in read-modify-write cycles. 

13. twcs. tRWD. tcwD, tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcS— twcs (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD^ tRWD (min.), tcwD^ tcwD (min.), tAWD^ tAWD (min.) and tcpwD^ tcpwD (min.) (Fast Page 
Mode), the cycle is a read-modify-write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tCAC' 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) cm be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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TIMING WAVEFORMS 
READ CYCLE 



is« 


A0~A9 


WRITE 


OouT 



NOTE: TF" pin should be connected 
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‘TF" pin should be connected to Vn, (TF) level or open, if "Test Mode” is not used. 
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FAST PAGE MODE READ CYCLE 























TC511000BP/BJ/BZ/BFT-60 



’TF" pin should be connected to Vn, (TF) level or open, if "Test Mode" is not used. 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TEST MODS 

The TC 511000 BP/BJ/BZ/BFT is the RAM organized 1,048,576 words by 1 bit, it is internally 
organized 262,144 words by 4 bits. In ‘Test Mode”, data is written into a number of sectors (4 sectors) 
in parallel and retrieved the same way. If, upon reading, all bits are equal (all “H" or“L”), the data 
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected 
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if 
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig. 
1 shows the block diagram of TC511000BP/BJ/BZ/BFT including its truth table when ‘Test Mode” is 
used. 

In test mode, IMDRAM can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test Mode 

An, Am 



TF Pins Super voltage; Test Mode 
TF PinsVii. (TF) level or High-Z; Normal 


Truth Table in Test Mode Function 


A 

B 

C 

D 

Dqut 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

Otherwise 

Hi-Z 


Fig. 1 


A-17 













TC5110OOBP/BJ/BZ/BFT-60 


‘Test Mode" function is performed on any of the timing cycles including Fast Page Mode when *TF” 
pin is held on “super voltage (Vcc +4.5V (Vcc=6V± 10%), max. voltage = 10,6V)” for the specified 
period (tTES> tTEHR and tTEHC! see Fig. 2). The address input of A9 is ignored in the ‘Test Mode". 

On the other hand, normal operation requires the ‘TF” pin be connected to Vjl (TF) level, or left 
unconnected on the printed wiring board. 

The ‘Test Mode" function reduces test times (1/4; in case of using N test pattern). 




CS5 


V|H —“ 


V|H' 


V,L - 


TF 


V|H (TF)" 
V|L(Tf) 



\ ■ /I 



pat 

\ 

/ 

lt£HC(0ni) 

(Ont) 

tjEHRmni) 

-— y -1 

k 


Fig. 2 Test Mode Cycle 
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DESCRIPTION 


PRELIMINARY 


The TC511000BPL/BJL/BZL/BFTL is the new generation dynamic RAM organized 1,048,576 words by 
1 bit. The TCSllOOOBPL/BJL/BZL/BFTL utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally and to the 


system user. Multiplexed address inputs permit the TCSllOOOBPL/BJL/BZL/BFTL to be packaged in a 
standard 18 pin plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The 
package size provides high system bit densities and is compatible with widely available automated 


testing and insertion equipment. System oriented features include single power supply of 5V±10% 


tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• Low Power 
495mW MAX. Operating 
l.lmW MAX. Standby 

• Output unlatched at cycle end allows two- 
dimensional chip selection 

• Co mmo n I/O capability using “EARLY 

WRITE” operation _ 

• Re^ -Modify-Write, CaS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test capability 

• All inputs and output TTL compatible 

• 512 refresh cycles/64ms 

• Package TC511000BPL : DIP18-P-300C 

TC511000BJL : SOJ26.P-300 

TC511000BZL : ZIP20-P-400 

TC511000BFTL: TSOP24.P.0616 

PIN CONNECTION 


• 1,048,576 word by Ibit organization 

• Fast access time and cycle time 



TCS11 000BPL;B J L/BZL/B FTL - 60 

tRAC RAS Access Time 

60ns 

tAA Column Address 
Access Time 

30ns 

tcAC CAS Access Time 

20n$ 

tRc Cycle Time 

110ns 

tpc Fast Page Mode 

Cycle Time 

40ns 


• Single power supply of 5V±10% 
with a built-in Vqb generator 



Plastic DIP Plastic SOJ Plastic ZIP 
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BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

ViN 

- 1-7 

V 

1 

Test Function Input Voltage 

VinCTF) 

- 1-10.5 

V 

1 

Output Voltage 

VOUT 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 

V 

1 

Operating Temperature 

Tqpr 

o 

1 

o 

•c 

1 

Storage Temperature 

Tstg 

-5S-1S0 

'C 

1 

Soldering Temperature ' Time 

Tsoider 

260- 10 

•Csec 

1 

Power Dissipation 

Po 

500 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 

Vih(tf) 

Test Enable Input High Voltage 

Vcc *4.5 

- 

10.5 

V 

2 

VlL(TF) 

Test Disable Input Low Voltage 

-1.0 

- 

Vcc* 1.0 

V 

2 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V±10%, Ta = 0~70®c)(Notes 1 . 8, 9) 


SYMBOL 

PARAMETER 

TCSl lOOOBPUBJL/BZLfBFTL-eO 

UNIT 

NOTES 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

no 

- 

ns 


tRMW 

Read-Modify-Write Cycle Time 

13S 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

40 

- 

n$ 


tpRMW 

Fast Page Mode Read-Modify-Write Cycle Time 

65 

- 

n$ 


tRAC 

Access Time from RAS 

- 

60 

ns 

10,15 

tCAC 

Access Time from CaS 

- 

20 

n$ 

10,15 

^AA 

Access Time from Column Address 

- 

30 

ns 

10,16 

kPA 

Access Time from CAS Precharge 

- 

35 

ns 

10 

tCL2 

CAS to Output in Low-2 

0 

- 

ns 

10 

tOPP 

Output Buffer Turn-off Delay 

0 

20 

ns 

11 

tT 

Transition Time (Rise and Fall) 

3 

50 

ns 

9 

tRP 

Ra? Precharge Time 

40 

- 

ns 


tRAS 

Pulse Width 

60 

10.000 

ns 


tsASP 

Ra 5 Pulse Width (Fast Page Mode) 

60 

100,000 

ns 


tRSH 

RAS Hold Time 

20 

- 

ns 


tRHCP 

Ra 5 Hold Time From CaS Precharge (Fast Page Mode) 

35 

- 

ns 


ksH 

Ca 5 Hold Time 

60 

- 

ns 


kAS 

CaS Pulse Width 

20 

10,000 

ns 


tRCD 

RaS to CAS Delay Time 

20 

40 

ns 

15 

tRAD 

RaS to Column Address Delay Time 

15 

30 

ns 

16 

kRP 

CaS to RaS Precharge Time 

5 

- 

ns 


kp 

CaS Precharge Time 

10 

- 

ns 


kSR 

Row Address Set-Up Time 

0 

- 

n$ 


Iran 

Row Address Hold Time 

10 

- 

ns 


'asc 

Column Address Set-Up Time 

0 

- 

ns 


tCAH 

Column Address Hold Time 

15 

- 

ns 


Ur 

Column Address Hold Time referenced to RaS 

50 

- 

ns 


tRAL 

Column Address to RaS Lead Time 

30 

- 

ns 


kcs 

Read Command Set-Up Time 

0 

- 

ns 


kCH 

Read Command Hold Time 

0 

- 

ns 

12 

tRRH 

Read Command Hold Time referenced to Ra5 

0 

- 

ns 

12 

twCH 

Write Command Hold Time 

10 

- 
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DC ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%, Ta = 0~70"c) 



PARAMETER 

MIN. 

MAX. 

OPERATING CURRENT 

Average Power Supply Operating Current 
(KaS, CAS, Address Cycling: tac»tac MIN.) 

TC511000BPL/BJU 

BZUBFTL-eO 

- 

90 

STANDBY CURRENT 

Power Supply Standby Current 
(ftAS 3 CaS m V|h) 

■ 

B 

RSS ONLY REFRESH CURRENT 

Average Power Supply Current, RaS Only Mode 
(RaS Cycling, CAS * Vih: tac^tac MIN. ) 

TC511000BPUBJU 

BZL/8FTL-60 

- 

90 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS 3 ViL, CAS, Address Cycling: tpc»t()c MIN. ) 

TCSIlOOOBPLfBJl/ 

BZiyBFTL-60 

- 

■ 60 

STANDBY CURRENT 

Power Supply Standby Current 
(RA53CL5aVcc-0.2V) 

■ 

200 

CaS before KK refresh current 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, Ca 5 Cycling: tac»tac MIN.) 

TcsiioooBPLmjiy 

BZtySFTL-eO 

■ 

90 

BATTERY BACK UP CURRENT 

Average Power Supply Current, BATTERY BACK UP MODE 

(CAS 3 CAS Before RAS Cycling or 0.2V, WRITE 3 Vfc - 0.2V or 0.2V, 

AO-9 3 Vcc-0.2V or 0.2V, O,n3Vcc- 0.2V or OPEN : 
tac= '2Sps, tRAS=fRAS MIN- ~lp») 

1 

300 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input 
(OVAVimSB.SV, All Other Pins Not Under Test 3 0V) 

-10 

10 

INPUT LEAKAGE CURRENT (only TF) 

(OVSViN (TF) SVcc-^O.SV, All Other Pins Not Under Test 3 OV) 

-10 

10 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OVSVoot^ 5.5V) 

- 10 

10 

TEST FUNCTION INPUT CURRENT 

(Vcc*4.SVSVin (TF) S 10.5V) 

■ 

B 

OUTPUT LEVEL 

Output “H* Level Voltage (lour = - 5 mA) 

B 

B 

OUTPUT LEVEL 

Output 'L' Level Voltage (Iqiit* 4.2mA) 

B 

B 


UNITS 


mA 


mA 


mA 


mA 


pA 


mA 


pA 


pA 


pA 


pA 


mA 


NOTES 

3, 4 
5 


3. 4 

S 


3, 6 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC511000BPUBJU8ZL/8fTL-60 

UNITS 

NOTES 

MIN. 

MAX. 

twCR 

Write Command Hold Time referenced to RAS 

45 

- 

ns 


twp 

Write Command Pulse Width 

10 

- 

ns 


tRWL 

Write Command to Lead Time 

20 

- 

ns 


kwL 

Write Command to CA^ Lead Time 

20 

- 

ns 


tos 

Data Set-Up Time 

0 

- 

ns 

13 

tOH 

Data Hold Time 

15 

- 

ns 

13 

^OHR 

Data Hold Time referenced to RAS 

SO 

- 

ns 


tREP 

Refresh Period 

- 

64 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

ns 

14 

'CWO 

CAS to \wRltt Delay Time 

20 

' - 

ns 

14 

tRWO 

JfAj to Write Delay Time 

60 

- 

ns 

14 

^AWO 

Column Address to WRiTf Delay Time 

30 

- 

ns 

14 

tCPWO 

Ca 5 Precharge to WRITE Delay Time 

35 

- 

ns 

14 

tCSR 

CAS Set-Up Time 
(CaS before RaS Cycle) 

S 

- 

ns 


tCHR 

Ca? Hold Time 
(CaS -before Ra 5 Cycle) 

15 

- 

ns 


tRPC 

RAS to CaS Precharge Time 

0 

- 

ns 


kPT 

CAS Precharge Time (CA5 before RaS Counter Test 

Cycle) 

30 

- 

ns 


kES 

Test Mode Enable Set-Up Time referenced to RaS 

0 

- 

ns 


tTEHR 

Test Mode Enable Hold Time referenced to RAS 

0 

- 

ns 


tTEHC 

Test Mode Enable Hold Time referenced to CAS 

0 

- 

ns 



CAPACITANCE (Vcc = 5V ± 10%, f = 1MHz, Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cii 

Input Capacitance (AO—A9, Din) 

- 

5 

PF 

Cl2 

Input Capacitance (RAS, CAS, WRITE, TF) 

- 

7 

Co 

Output Capacitance (Dour) 

- 

7 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss. 

3. IcCl. ICC3. ICC4. ICCG depend on cycle rate. 

4. Iccii fcC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS=Vil and CAS=Vih. 

6. tRAs(ni^-) = lps is only applied to refresh of battery-back up. 

tRAS = lOps is applied to functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

8. AC measurements assume tT = 5ns. 

9. VjH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vjh and Vjl. 

10. Measured with a load equivalent to 2 TIL loads and lOOpF. 

11. torr (tnax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

12. Either tRCH or tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WHITE leading 
edge in Read-Modify-Write cycles. 

14. twcSi tRWDi tcwD, tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs^twcs (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD^tRWD(niin.), tcwD^ tcwD (min.), tAWD^: tAWD (min.) and tcpwD^tcpwD (min.) (Fast Page 
Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (mauc.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD(max.)is specified as a reference point only: If Irad is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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TIMING WAVEfORMS 
READ CYCLE 



•H* or 'L' 


NOTE; TF" pin should be connected to Vn.(TF) level or open, if "Test Mode” is not used. 
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NOTE: "TF" pin should be connected to Vn,(TF) level or open, if‘Test Mode” is not used. 










TC5110OOBPL/BJL/BZL/BFTL-60 

READ-MODIFY.WRITE CYCLE 


tsMW 


J 











TC511000BPL/BJL/BZL/BFTL-60 


FAST PAGE MODE READ CYCLE 






















TC511000BPL/BJL/B2L/BFTL-60 
























TC511000BPL/BJL/BZL/BFTL-60 



NOTE: “TF" pin should b« connected to Vn,(TF) level or open, if ‘Test Mode" is not used. 
































TC511000BPL/BJL/BZL/BFTL-60 



NOTE; "TF" pin should b« connected to VilCTF) level or open, if “Test Mode" is not used. 




TC5110OOBPL/BJL/BZL/BFTL-60 
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TEST MODE 

The TCSllOOOBPL/BJL/BZL/BFTL is the RAM organized 1,048.576 words by 1 bit, it is internally 
organized 262,144 words by 4 bits. In “Test Mode”, data is written into a number of sectors (4 sectors) 
in parallel and retrieved the same way. If, upon reading, all bits are equal (all “H”or“L”), the data 
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected 
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if 
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig. 
1 shows the block diagram of TCSllOOOBPL/BJL/BZL/BFTL including its truth table when ‘Test Mode” 
is used. 

In test mode, IMDRAM can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test Mode 




















TC5110OOBPL/BJL/BZL/BFTL-60 


"Test Mode” function is performed on any of the timing cycles including Fast Page Mode when 'TF” 
pin is held on “super voltage (Vcc+4.6V (Vcc=5V± 10%), max, voltage=10.5V)" for the specified 
period (tTES. tTEHR and tTEHCJ see Fig. 2). The address input of A9 is ignored in the “Test Mode”. 

On the other hand, normal operation requires the “TF” pin be connected to Vii, (TP) level, or left 
unconnected on the printed wiring board. 

The ‘Test Mode” function reduces test times (1/4; in case of using N test pattern). 

yf 



JC55 


v,H — 

ViL — 
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TC511 aK)AP//y/AZ-10 


TENTATIVE DATA 

1,048,576 WORD x 1 BIT DYNAMIC RAM 
DESCRIPTION 

The TCollOOOAP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 1 bit. 
The TC511000AP/AJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC511000AP/AJ/AZ to be packaged in a standard 18 pin plastic 
DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System 
oriented features include single power supply of 5V±10% tolerance, direct interfacing capability with 
high performance logic families such as Schottky TIL. 


FEATURES 


• 1,048,576 word by Ibit organization 

• Fast access time and cycle time 




toic RAS Access Time 

70ns 

80ns 

100ns 


40ns 

50ns 

1 CAS Access Time 

20ns 

20ns 

25ns 


130ns 

150ns 

180ns 

t?c fast Page Mode 

Cycle Time 

40ns 

45ns 

55ns 


• Single power supply of 5V±10% 
with a built-in Vbb generator 


PIN NAMES 


A0~A9 

Address inouts 

WRITc 

Read/Write Input 

RAS 

Row Address Strobe 

Vcc 

Power (+ SV) 

Dl.'J 

Data In 

Vss 

Ground 

^OUT 

Data Out 

TF 

Test Function 

CAS 

Column Address Strobe 

N,C. 

No Connection 


Low Power 

440mW MAX. Operating 

(TC511000AP/AJ/AZ-70) 

3S5mW XIAX. Operating 

(TC511000AP/AJ/AZ-80) 

SSOmW MAX. Operating 

(TC511000AP/AJ/AZ-10) 

5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 
Common I/O capability using “EARLY 
WRITE” operation 

Read -Modify-Write. CaS before RAS refresh, 
RAS-only refresh. Hidden refresh, Fast Page 
Mode and Test Mode capability 
All inputs and output ITL compatible 
512 refresh cycles/8ms 

Package TC511000AP : DIP18-P-300C 

TC511000AJ : SOJ26-P-300 

TC511000AZ ; ZrP20-P-400 


PIN CONNECTION 


Plastic DIP 


Plastic SOJ Plastic ZIP 


D: m[ '' 18jV55 

W^n2 IZQDqjt 

RASds leDCAS 
TFn4 IstlAg 
AOQS KpAS 
Aide 13Da7 
A2C7 12pA6 
A3[8 n]A5 
VccC9 _^]A4 
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BLOCK DIAGRAM 



MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

Rating 

UNIT 

NOTE 

Input Voltage 

ViN 

- 1~7 

V 

1 

Test Function Input Voltage 

V|N(TF) 

-1~10.5 

V 

1 

Output Voltage 

VouT 

- 1~7 

V 

1 

Power Supply Voltage 

Vcc 

- 1~7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

•c 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature • Time 

''’solder 

260-10 

'C • sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = O-yO^C) 


SYMBOL 

•characteristic 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 

V|H (TF) 

Test Enable Input High Voltage 

Vcc-r 4.5 

- 

10.5 

V 

2 

VlUTF) 

Test Disable Input Low Voltage 

-1.0 

- 

Vcc-F 1.0 

V 

2 
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TC5110OOAP/AJ/AZ-10 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70”O 


SYMBOL 

CHARACTERISTIC 

MIN. 

MAX. 

UNIT 

NOTE 

Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc = tRc MIN. ) 

TC511000AP/AJ/AZ.70 

- 

80 

mA 

■ 

TC5tlOOOAP/AJ/A2-80 

- 

70 

TCSnOOOAP/AJ/AZ.-lO 

- 

60 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CA? = V,h) 

■ 

■ 

mA 

■ 

ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(R^ Cycling, CAS = V|h; Irc = 'sc MIN. ) 

TC5n000AP/AJ/A2-70 

- 

80 

mA 

■ 

TC5n000AP/AJ/A2-80 

_ 

70 

TC5n000AP/Aj/A2-10 

- 

60 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RA5 =Vil, CAS, Address Cycling: tpc = tpc MIN. ) 

TC511000AP/AJ/AZ.70 

- 

60 

mA 

B 

TC5nOOOAP/AJ/A2-80 

_ 

50 

TCSi lOOOAP/AJ/AZ-10 

- 

40 

m 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CM = Vcc - 0.2V) 

■ 

■ 

mA 

1 

kc6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CAS Cycling: tRc = tRC MIN. ). 

TCSnOOOAP/AJ/AZ-70 

_ 

80 

mA 

3 

TC511000AP/AJ/A2.80 

- 

70 

TC511000AP/AJ/AZ-10 

- 

60 

'uu 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input 

(OVf V|(,jS 6.SV, All Other Pins Not Under Test = 0V) 

-10 

10 

liA 

B 


INPUT LEAKAGE CURRENT (only TF) 

(OVSViN (TF) £ Vcc + 0.5V, All Other Pins Not Under Test = OV) 

-10 

10 

)iA 

B 

l0(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, 0V£ Vqut-5.5V) 

- 10 

10 

pA 

B 

Itf 

TEST FUNCTION INPUT CURRENT 

(Vcc + 4.5V £V|n (TF) 2 10.5V) 

■ 


mA 

B 

VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut = -5mA) 

B 

B 

B 

B 

VoL 

OUTPUT LEVEL 

Output "L' Level Voltage (Iqut = 4.2mA) 

H 

B 

B 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±l[)%, Ta = 0~70"c)(Notes6, 7, 8) 



characteristic 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write 
Cycle Time 


Access Time from RAS 


Access Time from CAS 


Access Time from Column Address 


Access Time from tAS Precharge 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Pulse Width (Fast Page Mode) 


RAS Hold Time 


RAS Hold Time From tAS Precharge 
(Fast Page Mode) 


CAS Hold Time 


TC511000AP/ 

AJ/AZ-70 


MIN. MAX. 


130 


TC511000AP/ 

AJ/AZ-80 


TCSnOOOAP/ 

AJ/AZ-10 



70 100,000 


20 


80 100,000 100 100,000 


20 - 25 



kAS 

CAS Pulse Width 

20 

10,000 

20 

10,000 

25 

10,000 

■■■■ 

Ircd 

RAS to CAS Delay Time 

20 

50 

20 

60 

25 

75 

IIIB 

Iraq 

RAS to Column Address Delay Time 

15 

35 

15 

40 

20 

50 

nm 


CAS to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced 
to RAS . 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time referenced 
to RAS 


Write Command Hold Time 




































































































































































































TC5110OOAP/AJ/AZ-70, TC5110OOAP/AJ/AZ-80 

TC5110OOAP/AJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 


SYMBOL 

CHARACTERISTIC 

twcR 

Write Command Hold Time referenced 

to RAS 

twP 

Write Command Pulse Width 

tRWL 

Write Command to RAS Lead Time 

tcWL 

Write Command to CAS Lead Time 

tos 

Data Set-Up Time 

tOH 

Data Hold Time 

tOHR 

Data Hold Time referenced to RAS 

tREF 

Refresh Period 

twcs 

Write Command Set-UP Time 

tCWD 

CAS to WRITE Delay Time 

tRWD • 

RAS to WRlfl Delay Time 

Uwo 

Column Address to WRTTe Delay Time 

tCPWD 

CAi Precharge to WRITE Delay Time 

kSR 

CAS Set-Up Time 
(CAS before RA$ Cycle) 

tCHR 

CAS Hold Time 
(C!aS before RAS Cycle) 

tppc 

Ra 5 to CAS Precharge Time 

tCPT 

CAS Precharge Time (CAS before BaS 
Counter Test Cycle) 

tTES 

Test Mode Enable Set-Up Time 

referenced to RAS 

tTEHR 

Test Mode Enable Hold Time 

referenced to RA5 

'tehc 

Test Mode Enable Hold Time 

referenced to CAS 


TcsnoooAP/ 

AJ/AZ-70 


TC511000AP/ 

AJ/AZr80 


TcsnoooAP/ 

AJ/AZ-10 




CAPACITANCE (Vrr = 5V ± 10%. f = 1MHz. Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (AO—A9. Din) 

-■ 

5 

PF 

C|2 

Input Capacitance (RAS, CaS, WRITE, TF) 

- 

7 

Co 

Output Capacitance (Dour) 

- 

7 
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TC511000AP/AJ/AZ-70, TC5110OOAP/AJ/AZ-80 
Test 1000AP/AJ/AZ-10 


NOTES: 

1. Stresses greater than those listed under “Maximum Ratings" may cause permanent damage to the 
device. 

2. All voltages are referenced to Vss- 

3. IcCl. ICC3. ICC4. ICC6 depend on cycle rate. . . 

4. Icci. 1CC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS = Vil, and CAS = Vih. 

6. An initial, pause of 200ps is required after power-up followed by 8 RaS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in read-modify-write cycles. 

13. tvves- tRWDi tewD, tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twCS —IWCS (nxin.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRwu^tR\vD(niin.), tcwD= teWD (min.), tAWD= tAWD (min.) and tcpwD^ tcpwD (min.) (Fast Page 
Mode), the cycle is a read-modify-write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 


14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD(max.)is specified as a reference point only: If tRcD is greater than the specified tRCD(max.) 
limit, then access time is controlled by tCAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can he met. 

tRAD (max.) is specified as a reference point only: If Irad is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 
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NOTE: ■•TF" pin should be connected to Vn,(TF) level or open, if ‘Test Mode” is not used. 
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FAST PAGE MODE READ CYCLE 




V|H 




tRASP 
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NOTE; “TF" pin should be connected to Vi^CTF) level or open, if “Test Mode” is not used. 
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"Tr" pin should be connected to V|r(TF) level or open, if "Test Mode" is not used, 
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TC5110OOAP/AJ/AZ-10 
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NOTE: "TF” pin should be connected to Vil(TF) level or open, if "Test Mode" is not used. 
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TEST MODE 

The TC511000AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is internally organized 
262,144 words by 4 bits. In ‘Test Mode”, data is written into a number of sectors (4 sectors) in 
parallel and retrieved the same way. If, upon reading, all bits are equal (all “H” or“L”), the data 
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected 
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if 
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig. 
1 shows the block diagram of TC511000AP/AJ/AZ including its truth table when ‘Test Mode” is used. 

In test mode, IMDRAM can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test Mode 

An, Am 



TF Pin = Super voltage; Test Mode 
TF PinsVil. (TF) level or High-Z; Normal 


Truth Table in Test Mode Function 


A 

B 

C 

D 

Dout 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

Otherwise 

Hi-Z 


Fig. 1 
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‘Test Mode” function is performed on any of the timing cycles including Fast Page Mode when ‘TF” 
pin is held on “super voltage (Vcc +4.5V (Vcc = 5V± 10%), max. voltage = 10.5V)" for the specified 
period (txES. txEHR and tTEHCI see Fig. 2). The address input of A9 is ignored in the ‘Test Mode”. 

On the other hand, normal operation requires the ‘TF” pin be connected to Vil (TF) level, or left 
unconnected on the printed wiring board. 

The ‘Test Mode” function reduces test times (1/4; in case of using N test pattern). 


RA§ 


CAS 


TF 


VlL 


V,H 

V|L 



\ /] 



1 ties 

\ 

/ 

VehC (Ons) 

(Ons) 

tTEHR(Ons) 

/ 1 



Fig. 2 Test Mode Cycle 
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TENTATIVE DATA 

1,048,576 WORD x 1 BIT DYNAMIC RAM 


DESCRIPTION 

The TC511000APL/AJL/AZL is the new generation dynamic RAM organized 1,048,576 words by 1 
bit. The TC511000APL/AJL/AZL utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TCSllOOOAPL/AJL/AZL to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system 
bit densities and is compatible with widely available automated testing and insertion equipment. 
System oriented features include single power supply of 5V±10% tolerance, direct interfacing capability 
with high performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 1 bit organization 

• Fast access time and cycle time 


1 TCSnOOOAPL/AJUAZL-70/80/10 

tsAC Access Time 

70n$ 

80ns 

100ns 

t^A Column Address 
Access Time 

35ns 

40ns 

50ns 

X-CAC CAS Access Time 

20ns 

20ns 

2Sns 

tt)^; Cycle Time 

130ns 

150ns 

180ns 

tpc Fast Page Mode 

Cycle Time 

40ns 

45ns 

55ns 


• Single power supply of 3V±10% 
with a built-in Vbb generator 

PIN NAMES 


A0^A9!Address Inpuls 

WRITE 

Read/Write Input 


Row Address Strooe 

Vcc 

Power (+ 5V) 

D.n 

Data In 

Vss 

Ground 

Dout 

Data Out 

TF 

Test Function 

CAS 

Column Address Strobe 

N.C. 

No Connection 


• Low Power 

440mW MAX. Operating 

(TC51 lOOOAPL/AJL/AZL - 70) 
385mW MAX. Operating 

(TC51 lOOOAPL/AJUAZL - 80) 
330mW MAX. Operating 

(TC511000APL/AJL/AZL -10) 
l.lmW MAX. Standby 

• Output unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capability using “EARLY 
WRITE” operation 

• Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh. Fast Page 
Mode and Test capability 

• All inputs and output TTL compatible 

• 512 refresh cycles/64ms 

• Package TC511000APL : DIP18-P-300C 

TC511000AJL : SOJ26-P-300 

TC511000AZL : ZIP20-P-400 


PIN CONNECTION 


Plastic DIP 


Plastic SOJ 


Plastic ZIP 






A9 

-I.J 

[?"■ 

Dour 

L; 

I 4 ”' 

Din 

5.J 

•T' 

RAS 

7.J 

Fr"' 

N.C. 



AO 

.UJ 

FiY 

A2 

-ijj 

mV 

Vcc 


m¥ 

A5 

.'7J 

mV 

A7 

.i}j 

'5p! 


CA5 

Vss 

write 

TF 

Al 

A3 

A4 

A6 

A8 
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BLOCK DIAGRAM 



MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

V,N 

- 1~7 

V 

1 

Test Function Input Voltage 

ViN (TF) 

- 1~10.5 

V 

1 

Output Voltage 

Vqut 

- 1~7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Topr 

o 

o 

•c 

1 

Storage Temperature 

T’stg 

-55-150 

•c 

1 

Soldering Temperature • Time 

^SOLDER 

260-10 

•C • sec 

1 

Power Dissipation 

. Po 

600 

mW 

1 

Short Circuit Output Current 

•out 

so 

mA 



RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70'C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP, 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

S.O 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 

Vih(TF) 

Test Enable Input High Voltage 

VCC-T4.S 

- 

10.5 

V 

2 

Vil/tf) 

Test Disable Input Low Voltage 

-1,0 

- 

Vcc f 1.0 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%, Ta = 0~70'c) 


SYMBOL 

CHARACTERISTIC 

MIN. 

MAX. 

UNIT 

NOTE 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, GaS, Address Cycling: tRc = tRc MIN- ) 

TC51 1000A(»L/AJL/A2L-70 

_ 

80 

mA 

■ 

TCSI lOOOAPL/AJUAZL-SO 

- 

70 

TCS110OOAPUAJUAZL-10 

- 

60 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAf = C55 = ViH) 

■ 

2 

mA 

■ 

Icc3 

ra5 only refresh current 

Average Power Supply Current, RA$ Only Mode 
(RAS Cycling, GaSsVih: tRC = tRc MIN. ) 

TC511000APL/AJiyAZL-70 

_ 

80 

mA 

B 

TC51 lOOOAPLyAJL/AZL-aO 

_ 

70 

TCS11000APL.'AJL/AZL-10 

- 

60 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
{RA5 = Vil, CAS, Address Cycling; tpc = tpc MIN. ) 

TCS 110OOAPL/AJUAZL-70 

_ 

60 

mA 

B 

TCS 1 lOOOAPUAJL/AZL-SO 

- 

50 

TCS 11000APL/AJUAZL-10 

- 

40 

'CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = Ca5 = Vcc-0.2V) 

■ 

200 

pA 

B 

kc6 

ca5 before ra5 refresh current 

Average Power Supply Current, CAS Before ftAS 
Mode (RAS, 'Ca 5 Cycling: tRc*tRc MIN. ) 

TCSI IOOOAPUAJUAZL-70 

_ 

80 

mA 

3 

TCSnOOOAPL^AJUAZL-eO 


70 

TCSIIOOOAPL/AJ/LAZL-10 

- 

60 

ICC7 

BATTERY BACK UP CURRENT 

Average Power Supply Current, BATTERY BACK UP MODE 

(Gas = CAS Before RAS Cycling or 0.2V, WRITE = Vcc-0.2V or 0.2V, 

A0-9 = Vcc- 0.2V or 0.2V, Din = Vcc-0.2V or OPEN : 
tRC= 12Sps, tRAS = LRAS MIN- ~lps) 

1 

300 

pA 

3, 6 

l|(L) 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input 

(OVS V|nS 6.5V, All Other Pins Not Under Test = 0V) 

- 10 

10 

pA 

B 

I|Tf{L) 

INPUT LEAKAGE CURRENT (only TF) 

(0V£V|n (TF) SVcc + O.SV, All Other Pins Not Under Test = OV) 

- 10 

10 

pA 

B 

loa) 

OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OVS Vqut^ 5.5V) 

- 10 

10 

pA 

B 

'Tf 

TEST FUNaiON INPUT CURRENT 

(Vcc + 4.5V£Vin (TF) S10.5V) 

B 

B 

mA 

B 

VOH 

OUTPUT LEVEL 

Output "H* Level Voltage (louT = -5mA) 

B 

B 

B 

B 

VOL 

OUTPUT LEVEL 

Output "L* Level Voltage (Iqut® 4.2mA) 

B 

B 

B 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%, Ta = 0~70°c)(Notes 7, 8, 9) 



characteristic 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Wrjte 
Cycle Time 


Access Time from ftA$ 


Access Time from CaS 


Access Time from Column Address 


Access Time from CAS Precharge 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fail) 


hAS Precharge Time 


AaS Pulse Width 


RaS Pulse Width (Fast Page Mode) 


RaS Hold Time 


RaS Hold Time From CaS Precharge 
(Fast Page Mode) 


CAS Hold Time 


TCS11000APU 

AJt/AZL-70 


TC51 lOOOAPiy 
AJL/AZL-BO 


TCSIlOOOAPiy 

AJL/AZL-10 



70 100,000 


20 


80 100,000 100 100,000 


20 - 25 



ICAS 

CaS Pulse Width 

20 

10,000 

20 

10,000 

25 

10,000 


IrCD 

RAS to CaS Delay Time 

20 

so 

20 

60 

25 

75 

m 

Irad 

RA$ to Column Address D^i^y Time 

15 

35 

15 

40 

20 

50 

m 


Ca? to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Col umn Address Hold Time referenced 
to PaS 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Re ad C ommand Hold Time referenced 
to ^ 


Write Command Hold Time 






























































































































































































TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80 

TC5110OOAPL/AJL/AZL-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 


SYMBOL 

CHARAaERISTlC 

^WCR 

Write Command Hold Time referenced 

to RAS 

twp 

Write Command Pulse'Width 

tRWL 

Write Command to RAS Lead Time 

tCWL 

Write Command to CAS Lead Time 

^DS 

Data Set-Up Time 

tOH 

Data Hold Time 

tOHR 

Data Hold Time referenced to RA5 

Iref 

Refresh Period 

twcs 

Write Commarsd Set-Up Time 

tcWD 

CA5 to WRITE Delay Time 

tRWD 

RAS to WRITE Delay Time 

UwD 

Column Address to WRITE Delay Time 

tcPWD 

CA'S Precharge to WRITE Delay Time 

kSR 

Oas Set-Up Time 
(<!aS before RAS Cycle) 

kHR 

CAS Hold Time 
(CAS before RAS Cycle) 

tRPC 

RAS to CAS Precharge Time 

tCPT 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 

kES 

Test Mode Enable Set-Up Time 

referenced to RAS 

Ltehr 

Test Mode Enable Hold Time 

referenced to RAS 

tTEHC 

Test Mode Enable Hold Time 

referenced to CAS 


TCSIlOOOAPiy 

AJiyAZL-70 


TCSnOOOAPU 

AJLyAZL-80 


TCSIlOOOAPLy 

AJL/AZL-10 




CAPACITANCE (Vcc'= 5V ± 10%, f = IMHz, Ta = O-TO'C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

MAX. 

UNIT 

c„ 

Input Capacitance (A0~A9, Din) 

- 

5 

pF 

c ,2 

Input Capacitance (RAS, tAS, WRITE, TF) 


7 

Co 

Output Capacitance (Dour) 

- 

7 
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NOTES: 

1. Stresses greater than those listed under “ Maximum Ratings” may cause permanent damage to the 
device. 

2. All voltages are referenced to Vss- 

3. Icci. IcC3i ICC 4 . ICC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS=Vil and CAS=Vih. 

6. tRAS (niax.) = lps is only applied to refresh of battery-back up. 
tRAS(niax.) = 10ps is applied to functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

8. AC measurements assume tT=5ns. 

9- ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vjh and Vil. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. torr (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

12. Either tRcn or tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CaS leading edge in early write cycles and to WRITS leading 
edge in Read-Modify-Write cycles. 

14. twcSi tRWDi tcwD, tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs— twcs (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tR\VD=tRWD (min.), tcwD^ tcWD (min.), tAWD^ tAWD (min.) and tcPWD^ tcPWD (min.) (Fast Page 
Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that Irac (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

16. Operation within the tRAD (max.) limit insures that Irac (max.) can be met. 

tRAO (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by Iaa- 
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TIMING WAVEFORMS 
READ CYCLE 
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NOTE: ‘TF" pin should be connected to Vn,(TF) level or open, if "Test Mode” is not used. 
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READ-MODIFY-WRITE CYCLE 

_tRMW 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE' 
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NOTE: write = "H” or “L” A9 = “H" or "L" 

"TF" pin should be connected to Vil(TF) level or open, if "Test Mode” is not used. 
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HIDDEN REFRESH CYCLE (READ) 



NOTE: "TF" pin should be connected to Vn,{TF) level or open, if ‘Test Mode" is not used. 
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TEST MODE 

The TC511000APL/AJL/AZL is the RAM organized 1,048,576 words by 1 bit, it is internally 
organized 262,144 words by 4 bits. In “Test Mode”, data is written into a number of sectors (4 sectors) 
in parallel and retrieved the same way. If, upon reading, all bits are equal (all “H”or“L”), the data 
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected 
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if 
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig. 
1 shows the block diagram of TC511000APL/AJL/AZL including its truth table when “Test Mode” is 
used. 

In test mode, IMDRAM can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test Mode 


An, Am 



TF Pin = Super voltage; Test Mode 
TF Pin = Vii. (TF) level or High-Z; Normal 


Truth Table in Test Mode Function 


A 

B 

C 

D 

DouT 

0 

0 

0 

0 

0 

1 

1 

t 

1 

1 

Otherwise 

Hi-Z 


Fig. 1 
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‘Test Mode” function is performed on any of the timing cycles including Fast Page Mode when ‘TF” 
pin is held on “super voltage (Vcc + 4>5V (Vcc = 5V±10%), max, voltage = 10.5V)” for the specified 
period (tTES. txEHR and tTEHC: see Fig. 2). The address input of A9 is ignored in the ‘Test Mode”. 

On the other hand, normal operation requires the ‘TF” pin be connected to Vil (TF) level, or left 
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1,048,576 WORD x 1 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC511001BP/BJ/BZ/BFT is the new generation dynamic RAM organized 1,048,576 words by 1 
bit. The TC511001BP/BJ/BZ/BFT utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TCSIIOOIBP/BJ/BZ/BFT to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size 
provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance, 
direct interfacing capability with high performance logic families such as Schottky TTL. The special 
feature of TC511001BP/BJ/BZ/BFT is nibble mode, allowing the user to serially access 4 bits of data at 
a high data rate. 


FEATURES 

• 1,048,576 word by Ibit organization 

• Fast access time and cycle time 




TCS110018P/BJ/BZ/BFT- 60 

tRAC 

RAS Access Time 

60ns 

tAA 

Column Address 
Access Time 

30ns 

tCAC 

2a5 Access Time 

20ns 

^RC 

Cycle Time 

1 lOns 

^NCAC 

Nibble Mode 

Access Time 

20ns 

tNC 

Nibble Mode 

Cycle Time 

40n$ 


• Single power supply of 5V±10% 


with a built-in Vbb generator 

PIN CONNECTION 


• Low Power 

495mW MAX. Operating 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capability using “EARLY 
WRITE” operation 

• Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, Nibble 
Mode and Test Mode capability 

• All inputs and output ITL compatible 

• 512 refresh cycles/8ms 

• Package TC511001BP : DIP18-P-300C 

TC511001BJ : SOJ26-P-300 

TC511001BZ : ZIP20-P-400 

TC511001BFT : TSOP24-P-0616 


Plastic DIP 


Plastic SOJ 


Plastic ZIP 


DinC 1 
wrITECZ 
RA5C3 
TFU 
AOC 5 
AlC6 
A2[7 
A3C8 
VccC9 


18]Vs5 _D,n 
17]OouT W^TE 
16 ]C^ 

15]A9 
14]A8 
13]A7 
12]A6 
11 ]A5 
10]A4 



A9 

1 

Ca? 

2 

OouT 

3 

N.C. 

4 

Vss 

S 

N.C. 

8 

WRlt^ 

9 

10 

ra5 

11 

TF 

12 


24 

A8 

23 

A7 

22 

A6 

21 

AS 

20 

A4 

17 

Vcc 

16 

A3 

15 

A2 

14 

A1 

13 

AO 


PIN NAMES 


A0-A9 

Address Inputs 

C55 

Column Address Strobe 

OiN 

Data In 

Dour 

Data Out 

Ra5 

Row Address Strobe 

whire 

Read/Write Input 

Vcc 

Power (♦ SV) 

Vss 

Ground 

TF 

Test Function 

N.C. 

No Connection 
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BLOCK DIAGRAM 


Vcc Vjs 

I I 


DATA IN 
BUFFER 


DATA OUT 
BUFFER 


N0.2 CLOCK 
GENERATOR 


NIBBLE 

SELEaOR 


1C550—► 


COLUMN 
ADDRESS 
BUFFER (10) 

REFRESH 

CONTROLLER 

_L_ 

REFRESH 
COUNTER (9) 

ROW 
ADDRESS 
BUFFER (10) 


N0.1 CLOCK 
GENERATOR 


COLUMN 

DECODER 



- 

SENSE AMP 

I/O GATEING 



■2048 

Ui 

i o 


MEMORY 

6 o 

cc u 

Ui 

O 

S12 

ARRAY 


SUBSTRATE BIAS 
GENERATOR 


ABSOLUTE MAXIMUM RATINGS 



ITEM 

SYMBOL 

RATING 

Input Voltage 

V,N 

- 1~7 

Test Mode Input Voltage 

ViNOrr) 

-1~10.5 

Output Voltage 

VouT 

- 1~7 

Power Supply Voltage 

Vcc 

- 1~7 

Operating Temperature 

Topr 

O'-70 

Storage Temperature 

Tsto 

-55~1S0 

Soldering Temperature • Time 

T$0L0IR 

260-10 

Power Dissipation 

Po 

600 

Short Circuit Output Current 

'out 

50 


RECOMMENDED DC OPERATING CONDITIONS (Ta = O-TO^C) 




SYMBOL 

PARAMETER 

Vcc 

Supply Voltage 

V,H 

Input High Voltage 

VlL 

Input Low Voltage 

ViH(Tr> 

Test Enable Input High Voltage 

V|L(TD 

Test Disable Input Low Voltage 



- 1.0 


Vcc ♦ 4.5 


- 1.0 
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DC ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%, Ta = 0~70“c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

icc> 

OPERATING CURRENT 

Averagt Power Supply Operating Current 
(RS5, CA$, Address Cycling; tRc«tRc MIN. ) 

TCS11001BP/BJ/ 

B2>«FT-60 

■ 

90 

mA 

3,4 

5 

Iccj 

STANDBY CURRENT 

Power Supply Standby Current 
(ftAS ■ CAS * V|h) 

■ 

2 

mA 

■ 

ka 

Ra5 only refresh current 

Average Power Supply Current. RaS Only Mode 
(RAi Cycling, CASx Vih: tRc = tRc MIN. ) 

TCSnOOIBP/BJ/ 

BZ/BFT-BO 

■ 

90 

mA 

D 

'CC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS » ViL, CAS, Cycling; t^c^tMc MIN. ) 

TCS1100JBP/BJ/ 

BZ/BFT-60 

■ 

40 

mA 

B 

Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(R55 *Ca5»Vcc-0.2V) 

■ 

■ 

mA 

1 

ket 

Ca5 before REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode.fRAS, 03 Cycling; tRc»tRc MIN. ) 

TCS11001BP/BJ/ 

BZ/BFT-60 

■ 

90 

mA 

3 

l|(L) 

INPUT LEAKAGE CURRENT (any input except TF) 

Input leakage Current, any input 
(0 VSV|m£ 6.SV, All Other Pins Not Under Test«OV) 

-10 

10 

pA 

1 

'lTF(L) 

INPUT LEAKAGE CURRENT (only TF) 

(OVSVir^ (Tf) SVcc*0.5V, All Other Pins Not Under Test *0V) 

-10 

10 

pA 

B 

l0(U 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OVSVqutSS.SV) 

- 10 

10 

pA 

B 

Itf 

TEST FUNCTION INPUT CURRENT 

(Vcc^e.svsviNCTF, S10.SV) 

■ 

■ 

mA 


VOH 

OUTPUT LEVEL 

Output 'H' Level Voltage (Iqut ■ -5mA) 

D 

■ 

B 

1 

VoL 

OUTPUT LEVEL 

Output "L* Level Voltage (Iqut = ^ 2mA) 

■ 

D 

B 

B 
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TC511001BP/BJ/BZ/BFT-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V ± 10%, Ta = 0-70“c)(Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC51001 BP/BJ/BZ/BFT-60 

UNIT 

NOTES 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

110 

- 

m 


tRWC 

Read-Modify-Write Cycle Time 

135 

- 

m 


'nC 

Nibble Mode Cycle Time 

40 

- 

m 


tNRMW 

Nibble Mode Read-Modify-Write Cycle Time 

65 

- 

Bl 


Irac 

Access Time from Ra5 

- 

60 

B9 

BBI 

tCAC 

Access Time from CS5 

- 

20 

Bl 

9,14 

tAA 

Access Time from Column Address 

- 

30 

Bl 

nm 

tNCAC 

Nibble Mode Access Time 

- 

20 

Bl 

9 

tCLZ 

CaS to Output in Low-Z 

0 

- 

Bl 

9 

toPf 

Output Buffer Turn-off Delay 

0 

20 

Bl 

10 

tT 

Transition Time (Rise and Fall) 

3 

50 

Bl 

8 

^RP 

RS5 Precharge Time 

40 

- 

Bl 


tRAS 

RA$ Pulse Width 

60 

10,000 

Bl 


IrSH 

RAS Hold Time 

20 

- 

Bl 


kSH 

CAS Hold Time 

60 

- 

HOI 


tCAS 

CAS Pulse Width 

20 

10,000 

Bl 


tRCO 

RAS to CAS Delay Time 

20 

40 

la 

14 

tRAO 

RaS to Column Address Delay Time 

15 

30 

o 

15 

kRP 

CaS to AaS Precharge Time 

5 

- 

Bl 


tcp 

CAS Precharge Time 

10 

- 



IaSR 

Row Address Set-Up Time 

0 

- 

Bl 


(rah 

Row Address Hold Time 

10 

- 

Bl 


Use 

Column Address Set-Up Time 

0 

- 

Bl 


tCAH 

Column Address Hold Time 

15 

- 

Bl 


tA« 

Column Address Hold Time referenced to RAS 

50 

- 

Bl 


Irai 

Column Address to RAS Lead Time 

30 


Bl 


Ucs 

Read Command Set-Up Time 

0 

- 

Q 


tRCH 

Read Command Hold Time referenced to CaS 

0 

- 

B9 

11 

tRRH 

Read Command Hold Time referenced to RaS 

0 

- 

Bl 

11 

IWCH 

Write Command Hold Time 

10 

- 

Bl 


twCR 

Write Command Hold Time referenced to RAS 

45 

- 

Bl 


twP 

Write Command Pulse Width 

10 

- 

Bl 


tRWl 

Write Command to RaS Lead Time 

20 

- 

Bl 


kwi 

Write Command to CAS Lead Time 

20 

- 

Bl 


'os 

Data-In Set-Up Time 

0 

- 

Bl 

12 


12 
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EieCTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC511001BP/BJ/8Z/BFT-60 

UNITS 

NOTES 

MIN. 

MAX. 

tOH 

Data-In Hold Time 

15 

- 

m 

12 

toHR 

Data-In Hold Time referenced to Ra5 

SO 

- 

Bl 


tREF 

Refresh'Period 

- 

8 

la 


twcs 

Write Command Set-UP Time 

0 

- 

m 

13 

kwo 

CAS to WRITE Delay Time 

20 

- 

mm 

13 

tRWD 

RaS to WRITE Delay Time 

60 

- 

la 

13 

^AWO 

Column Address to WRITE Delay Time 

30 

- 

■a 

13 

kSR 

CAS Set-Up Time 
(CAS before RAS ) 

5 

- 

ns 


tCHR 

tAi Hold Time 
(CAS before RAS ) 

15 


ns 


tRPC 

RaS Precharge to CaS Active Tirr.e 

0 

- 

19 


tCPT 

CAS Precharge Time (CAS before RAS Counter Test) 

30 

- 

mm 


^NCAS 

Nibble Mode Pulse Width 

20 

- 

mm 


Incp 

Nibble Mode CAS Precharge Time 

10 

- 

MM 


tNRSH 

Nibble Mode RAS Hold Time 

20 

- 

19 


'NCWO 

Nibble Mode CAS to WRITE Delay Time 

20 

- 

19 


'NRWl 

Nibble Mode WRITE Command to RAS lead Time 

20 

- 

19 


tNCWL 

Nibble Mode WRITE Command to CaE Lead Time 

20 

- 

19 


tTES 

Test Mode Enable Set-Up Time referenced to RAE 

0 

- 

19 


tlCHR 

test Mode Enable Hold Time referenced to rAS 

0 

- 

19 


tTEHC 

Test Mode Enable Hold Time referenced to CAE 

0 

- 

19 



CAPACITANCE (Vcc = 5V + 10%, f = IMHz, Ta = 0-70'C) 


SYMBOL 

PARAMETER 

MIN, 

MAX. 

UNIT 

Cm 

Input Capacitance (A0~A9, Din) 

- 

S 

PF 

Cij 

Input Capacitance (RAS, CAS, WRITE, TF) 


7 

Co 

Output Capacitance (Oout) 

- 

7 
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TG511001BP/BJ/BZ/BFT-60 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vgs. 

3. Iccii IcC3i ICC4« ICC6 depend on cycle rate. 

4. IcCl. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS=Vil and CAS=Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume It = 5ns. 

8. ViH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vjh and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tpCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in read-modify-write cycles. 

13. twcs. tRWD. tcwD, and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs^twcs(nun.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tRWD^ tRWD (min.), tcwD^ tcwD (min.), and tAWD^tAWD (min.), the cycle is a read-modify-write 
cycle and the data out will contain data read from the selected cell: If neither of the above sets 
of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCO (max.) 
limit, then access time is controlled by tCAC- 

15. Operation within the Irad (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If Irad is greater than the specified Irad (max.) 
limit, then access time is controlled by tAA* 
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WRITE CYCLE (EARLY WRITE: 



Note: TF” pin should b« conntcUd to V|i,(Tr)Isvsl or opsn, if Test Mode' is not used. 
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NIBBLE MODE READ CYCLE 










TC511001BP/BJ/BZ/BFT-60 


NIBBLE MODE READ • MODIFY»WRITE 
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Note: WRITE = “H" or “L", A9 = “H" or “L* 

"TF" pin should be connected to V|L(Tn level or open, if "Test Mode" is not used. 


Has before RS5 REFRESH CYCLE 









HIDDEN REFRESH CYCLE (READ: 



NoU; TP” pin should b« eonnscted to ViLcrri )sv«t or opon, if Tost Mode” it not used. 
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HIDDEN REFRESH CYCLE OVRITEl 
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APPLICATION INFORMATION 
ADDRESSING 

The 20 address bits required to decode 1 of the 1.048,576 cell locations within the TCSIIOOIBP/BJ/BZ/BFT 
are multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying 
two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subsequently latches the 10 column address bits into the chip. Each 
of these signals, RAS, and CAS, triggers a sequence of events which are controlled by different delayed 
internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation is 
done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The “gated 
CAS” feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (tRAH) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by a combination of WRlTlii and 
CAS While RAS is active. The later of the signals (WklTJsi or CAS) to make its negative transition is the 
strobe for the Data In (Dim) register. This pemaits several options in the write cycle timing. In a write cycle, 
if the Wkii'E input is brought low (active) prior to CAS, the DlN is strobed by CAS and the set-up and hold 
times are referenced to CAS. If the input data is not available at CAS time or if it is desired that the cycle be a 
read-modify-write cycle, the WRITE signal will be delayed until after CAS has made its negative transition. 
In this “delayed write cycle”the data input set-up and hold times are referenced to the negative edge ofWRJTE 
rather than CAS. (To illustrate this feature. Dim is referenced to WkiTE in the timing diagrams depicting the 
read-modify-write and nibble mode write cycles while the “early write”cycle diagram shows Dim referenced to 

CSS). 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which CAS is active (low). Data read from the selected cell will 
be available at the output within the specified access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) of the TC51lb01BP/BJ/BZ/BFT is the high impedance 
(open circuit) state. This is to say, anytime CAS is at a high level, the Dour pin will be floating. The only 
time the output will turn on and contain either a logic 0 or logic 1 is at access time during a read cycle. Dqut 
will remain valid from access time until CAS is taken back to the inactive (high level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. The first of 4 bits is accessed in the 
usual manner with read data coming out at tcAC time. By keeping RAS low, Cas can be cycled up and then 
down, to read or write the next three pages at high data rate (faiUr than tcAC)> Row and column addresses 
need only be supplied for the first access of the cycles. From then on, the falling edge of CAS will activate the 
next bit. After four bits have been accessed, the next bit will be the same as the first bit accessed (wrap¬ 
around method). 




TC511001BP/BJ/BZ/BFT-60 


—►( 0 . 0 )-►(o.n-►(i.o)-*-( 1 , 1 )-- 

Address A9 determines the starting point of the circular 4 bits nibble. Row A9 and column A9 provide the two 
binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion; 00-*01—10-*ll with A9 row being the least 
significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any conbinations of reads and writes or late 
writes will be allowed. In addition, the circular wrap-around will continue for as long as RAS is kept low. 

RAJONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 row 
address (A0~A8) within each 8 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with "RAS-only” cycles. 

CAS BEFORE RA5 REFRESH 

CAS before RA3 refreshing available on the TC511001BF/BJ/BZ/BFT offers an alternate refresh method. If 
CAS is held on low for the specified period (tcsR) before RAS goes to low, on chip refresh control clock 
generators and the refresh address counter are enabled, and an internal refresh operation takes place. After 
the refresh operation is performed, the refresh address counter is automatically incremented in preparation 
for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TC511001BP/BJ/BZ/BFT is that refresh Cycles may be performed while 
maintaining valid data at the output pin. This referred to as Hidden Refresh. Hidden Refresh is performed by 
holding CAS at and taking RAS high and after a specified precharge period (tRp), executing a CAS before 
RaS refresh cycle, (see Figure below) 


RAS 


C^ 


DquT 

This feature allows a refresh cycle to be "hidden” among data cycles without affecting the data avilability. 



MEMORY CYCLE 

REFRESH CYCLE 

^ REFRESH CYCLE 










V / 








“\ 


r 








_ / 






r 


1 
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tA5 BEFORE Ra5 REFRESH COUNTER TEST 

The internal refresh operation of TC5110016F/BJ/BZ/BFT can be tested by CAS BEFORE HAS REFRESH 
COUNTER TEST. This cycle performs READ/WRITE operation taking the internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RaS cycles as initialization cycles. The test 
procedure is as follows. 

0 Write‘'0” into all the memory cells at normal write mode. 

® Select one certain column address 8md read "0” out and write “1” in each cell by performing CAS 
BEFORE roS REFRESH COUNTER TEST (READ-WRITE CYCLE). Repeat this Operation 512 times. 

(D Check “1” out of 512 bits at normal read mode, which was written at (2). 

0 Using the same column as (2), read “1" out and write “O" in each cell performing CAS BEFORE RAS 
REFRESH COUNTER TEST. Repeat this operation 512 times.- 

0 Check “0" out of 512 bits at normal read mode, which was written at 0. 

0 Perform the above 0 to 0 to the complement data. 
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TEST MODE 

The TCSllOOlBF/BJ/BZ/BFT is the RAM organised 1,048,576 words by 1 bit, it is internally 
organized 262,144 words by 4 bits. In “Test Mode", data is written into a number of sectors (4 sectors) 
in parallel and retrieved the same way. If, upon reading, all bits are equal (all “H" or“L"), the data 
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected 
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if 
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig. 
1 shows the block diagram of TC511001BP/BJ/BZ/BFT including its truth table when “Test Mode” is 
used. 

In test mode, IMDRAM can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test Mode 


An, Am 



TF Pin M Super voltage; Test Mode 
TF PinsViL (TF) level or High-Z; Normal 


Truth Table in Test Mode Function 


A B C 0 

Dour 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

Otherwise 

Hi-Z 


Fig. 1 
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“Test Mode" function is performed on any of the timing cycles except Nibble Mode when "TF" pin is 
held on “super voltage (Vcc+4.5V (Vcc=5V± 10%), max. voltage = 10.5V)” for the specified period (tiES. 
tTEHR and tiEHC; see Fig. 2). The address input of A9 is ignored in the "Test Mode". 

On the other hand, normal operation requires the ‘TF” pin be connected to Vil (TF) level, or left 
unconnected on the printed wiring board. 

The “Test Mode” function reduces test times (1/4; in case of using N test pattern). 


V|H —-- 

\ / 



VlH - 

v,u — 

1 tTtS 

\ 


(Onj) 

, tTEHR (Oni) , 


VlH (TF)'' 







TENTATIVE DATA 

1,048,576 WORD x 1 BIT DYNAMIC RAM 


DESCRIPTION 

The TC511001AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 1 bit. 
The TC511001AP/AJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC511001AP/AJ/AZ to be packaged in a standard 18 pin plastic 
DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System 
oriented features include single power supply of 5V±10% tolerance, direct interfacing capability with 
high performance logic families such as Schottky TTL. The special feature of TC511001AP/AJ/AZ is 
nibble mode, allowing the user to serially access 4 bits of data at a high data rate. 


FEATURES 

• 1,048,576 word by Ibit organization 

• Fast access time and cycle time 




TC511001AP/AJ/AZ - 70/ - 80/ - 10 

Irac 

RAS Access Time 

70ns 

80ns 

100ns 

Iaa 

Column Address 
Access Time 

3Sns 

40ns 

50n$ 

ICAC 

CAS Access Time 

20ns 

20ns 

2Sn$ 

tRC 

Cycle Time 

130ns 

150ns 

180n$ 

^NCAC 

Nibole Mode 

Access Time 

20ns 

20ns 

20ns 

Inc 

Nibble Mode 

Cvcie Time 

40ns 

40ns 

40ns 


• Single power supply of 5V±10% 
with a built-in V 1313 generator 

PIN NAMES 


|A0“-Ag|Address Inputs 

WRITE 

Read/Write Input 

CAS 

Column Address Strobe 

Vcc 

Power (+ 5V) 

D,^ 

Data In 

Vss 

Ground 

Dour 

Data Out 

TF 

Test Function 

RAS 

Row Address Strobe 

N.C. 

No Connection 


• Low Power 

440mW MAX. Operating 

(TC511001AP/AJ/AZ - 70) 

385mW MAX. Operating 

(TC511001AP/AJ/AZ -80) 

330mW MAX. Operating 

(TC511001AP/AJ/AZ -10) 

5.5mW MAX. Standby 

• Output unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capability using “EARLY 
WRITE’’ operation 

• Re^ -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Nibble 
Mode and Test Mode capability 

• All inputs and output TTL compatible 

• 512 refresh cycles/ 8 ms 

• Package TC511001AP ; DrP18-P-300C 

TC511001AJ : SOJ26-P-300 

TC511001AZ : ZIP20-P-400 


PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SOJ Plastic ZIP 



^ss 


26 ]v 

lit}- 


18 ]a8 
17 ]A7 
16 ]a6 
isDas 
MQaa 


N.C. 
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BLOCK DIAGRAM 



MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

V,N 

- 1~7 

V 

1 

Test Mode Input Voltage 

VtNaf) 

-1~10.5 

V 

1 

Output Voltage 

Vqut 

- 1~7 

V 

1 

Power Supply Voltage 

Vcc 

- 1~7 

V 

1 

Operating Temperature 

Tops 

0~70 

•c 

1 

Storage Temperature 

Tstg 

-55~150 

•c 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

•Csec 

1 

Power Dissipation 

Pq 

600 

mW 


Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70”C) 


SYMBOL 

''CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 

V|H (TF) 

Test Enable Input High Voltage 

Vcc+ 4.5 

- 

10.5 

V 

2 

Vil(tf) 

Test Disable Input Low Voltage 

-1.0 

- 

Vcc-t-1.0 

V 

2 
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DC eUECTRICAL CHARACTERISTICS (Vcc = 5V+10%, Ta = 0~70°c) 


SYMBOL 

CHARACTERISTIC 

MIN. 

MAX. 

UNIT 

NOTE 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRc MIN. ) 

TC511001 AP/AJ/AZ-70 

- 

80 

mA 

B 

TC511001 AP/AJ/AZ-80 

- 

70 

TC511001AP/AJ/AZ-10 

- 

60 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(^=^=V|h) 

■ 

2 

mA 

■ 

1CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS = Vih: tRc = tRc MIN. ) 

TCS11001 AP/AJ/AZ-70 

- 

80 

mA 

3, 5 

TC511001 AP/AJ/AZ-80 

_ 

70 

TCSIIOOIAP/'AJ/AZ-IO 

- 

60 

>CC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS = Vr., OaS, Cycling; tNc = tNC MIN. ) 

TC511001 AP/AJ/AZ-70 

_ 

40 

mA 

■ 

TCS 11001 AP/AJ/AZ-80 

_ 

40 

TCS11001AP/AJ/AZ-10 

- 

40 

Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS sCASsVcc-0.2V) 

■ 

fl 

mA 

1 

ICC6 

Ca5 BEFORE R^ REFRESH CURRENT 

Average Power Supply Current, (iAS Before RAS 

Mode (SaS, CAS Cycling; tRc*tRc MIN. ) 

TCS 11001 AP/AJ/AZ-70 

- 

80 

mA 

3 

TCS 11001 AP/AJ/AZ-80 

- 

70 

TC511001AP/AJ/AZ-10 

- 

60 

■ku 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input 

(OVS Vin£ 6.SV, All Other Pins Not Under Test = 0V) 

- 10 

10 

jiA 

1 

l|TF(L) 

INPUT LEAKAGE CURRENT (only TF) 

(0V£V|n (Tf) SVcc + O.SV, All Other Pins Not Under Test = OV) 

-10 

10 

pA 

B 

'O(L) 

OUTPUT LEAKAGE CURRENT 

(Dour is disabled, 0V£ Vqut-5.5V) 

- 10 

10 

pA 

B 

Itf 

TEST FUNCTION INPUT CURRENT 

(Vcc + 4.5VSV,n(tf) £ 10.5V) 

■ 

B 

mA 

B 

Vqh 

OUTPUT LEVEL 

Output "H' Level Voltage (Iout= -5mA) 

B 

B 

B 

B 

VoL 

OUTPUT LEVEL 

Output "L* Level Voltage dour = 4.2mA) 

B 

B 

B 

1 
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TC51001AP/ 

AJ/AZ-70 

TC51001AP/ 

AJ/AZ-80 

TCS1001AP/ 

AJ/AZ-10 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%, Ta = 0-70'’c)(Notes6, 7, 8) 


CHARACTERISTIC 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Nibble Mode Cycle Time 


Nibble Mode Read-Modify-Write Cycle 
Time 


Access Time from SaS 


Access Time from 2 a5 


Access Time from Column Address 


Nibble Mode Access Time 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RA? Hold Time 


CAS Hold Time 


tAS Pulse Width 


RAS to 2 a 5 Delay Time 


RAS to Column Address Delay Time 


CAS to RaS Precharge Time 


CaS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced 
to RaS 


Column Address to Ra 5 Lead Time 


Read Command Set-Up Time 


Read Command Hold Time referenced 
to CAS 


Re ad C ommand Hold Time referenced 
to RaS 


Write Command Hold Time 


Write Command Hold Time referenced 
to RaS 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


10,000 

25 

10,000 

60 

25 

75 

40 

20 

50 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

CHARACTERISTIC 

TC51001AP/ 

AJ/AZ-70 

TC51001AP/ 

AJ/AZ-80 

TC51001AP/ 

AJ/AZ-10 

UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tos 

Data-In Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

tOH 

Data-In Hold Time 

15 

- 

15 

- 

20 

- 

ns 

12 

tOHR 

Data-In Hold Time referenced to RAS 

55 

- 

60 

- 

75 

- 

ns 


tREF 

Refresh Period 

- 

8 

- 

8 

- 

8 

ms 


twcs 

Write Command Set-UP Time 

0 

- 

0 

- 

0 

- 

ns 

13 

tC'.VD 

CAS to WRITE Delay Time 

20 

- 

20 

- 

25 

- 

ns 

13 

tRWO 

RAS to WRITE Delay Time 

70 

- 

80 

- 

100 

- ■ 

ns 

13 

Lawd 

Column Address to WRITE Delay Time 

35 

- 

40 

- 

50 

- 

ns 

13 

tCSR 

CAS Set-Up Time 
(CAS before RAS ) 

5 

- 

5 

- 

5 

- 

ns 


tCHR 

CAS Hold Time 
(CAS before W ) 

15 

- 

15 

- 

20 

- 

ns 


tRPC 

ftAS Precharge to CAS Active Time 

0 

- 

0 

- 

0 

- 

ns 


tCPT 

CAS Precharge Time (CA5 before RAS 
Counter Test ) 

40 

- 

40 

- 

50 

- 

ns 


tNCAS 

Nibble Mode Pulse Width 

20 

- 

20 

- 

20 

- 

ns 


tNCP 

Nibble Mode CAS Precharge Time 

10 

- 

10 

- 

10 

- 

ns 


tpJRSH 

Nibble Mode RAS Hold Time 

20 

- 

20 

- 

20 

- 

ns 


tNCWO 

Nibble Mode CAS to WRitE Delay 

Time 

20 

- 

20 

- 

20 

- 

ns 


tNRWL 

Nibble Mode WRITE Command to RAS 

Lead Time 

20 


20 


20 

- 

ns 


tNCWL 

Nibble Mode WRITE Command to CAS 

Lead Time 

20 

- 

20 

- 

20 

- 

ns 


tTES 

Test Mode Enable Set-Up Time 

referenced to RAS 

0 


0 

■ 

0 


ns 


tTEHR 

Test Mode Enable Hold Time 

referenced to RAS 

0 

- 

0 

- 

0 

- 

ns 


tTEHC 

Test Mode Enable Hold Time 

referenced to CAS 

0 

- 

0 

- 

0 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%. f = 1MHz. Ta = 0~70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

MAX. 

UNIT 

Cm 

Input Capacitance {A0~A9, Dim) 

- 

5 

PF 

Cl2 

Input Capacitance (RAS, CaS, WRITE, TF) 

- 

7 

Co 

Output Capacitance (Dour) 

- 

7 
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NOTES: 

1. Stresses greater than those listed under “Maximum Ratings*’ may cause permanent damage to the 
device. 

2. All voltages are referenced to Vss- 

3. Iccii ICC3. IcC4. ICC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS=Vil and CAS=Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RaS cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCH or tRRn must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in read-modify-write cycles. 

13. twcSi tRWD. tcwi). and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcS—tWCS(min.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tRWD= tRWD (min.), tcwD^ tcwD (min.), and tAWD^ tAWD (min.), the cycle is a read-modify-write 
cycle and the data out will contain data read from the selected cell: If neither of the above sets 
of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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TIMING WAVEFORMS 

READ CYfILE 



Note: “TF” pin should be connected to Vjlctf) level or open, if "Test Mode" is not used. 


r99 
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“TF" pin should be connected to Vjlctf) level or open, if "Test Mode” is not used. 
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READ-MODIFY-WRITE CYCLE 


tRMW 
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NIBBLE MODE READ CYCLE 


RA? 

A0~A9 

OouT 

WRITS 



NIBBLE MODE WRITE CYCLEIEARLY WRITE) 


RAS 


Ca? 


A0~A9 


WRITE 


D|n 


Dout 



Note: "TF" pin should be connected to Vj^td level or open. 
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gAg BEFORE REFRESH CYCLE 
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HIDDEN REFRESH CYCLE (WRITE) 



"TF" pin should be connected to V(L(jp) level or open, if “Test Mode" is not used. 
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APPLICATION INFORMATION 
ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within the TC511001AP/AJ/AZ are 
multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying two 
negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subsequently latches the 10 column address bits into the chip. Each 
of these signals, RAS, and CAS, triggers a sequence of events which are controlled by different delayed 
internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation is 
done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The “gated 
CAS" feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (tRAH) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by a combination of WRITE and 
CAS While RAS is active. The later of the signals (WRITE or CaS) to make its negative transition is the 
strobe for the Data In (Dim) register. This permits several options in the write cycle timing. In a write cycle, 
if the WRITE input is brought low (active) prior to CAS, the DlN is strobed by CAS and the set-up and hold 
times are referenced to CAS. If the input data is not available at CAS time or if it is desired that the cycle be a 
read-modify-write cycle, the VVRITE signal will be delayed until after CAS has made its negative transition. 
In this “delayed write cycle "the data input set-up and hold times are referenced to the negative edge of WRITE 
rather than CAS. (To illustrate this feature. Din is referenced to WRITE in the timing diagrams depicting the 
read-modify-write and nibble mode write cycles while the “early write "cycle diagram shows Din referenced to 

CaS). 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which CaS is active (low). Data read from the selected cell will 
be available at the output within the specified access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) of the TC511001AP/AJ/AZ is the high impedance (open 
circuit) state. This is to say, anytime CaS is at a high level, the Dqut pin will be floating. The only time the 
output will turn on and contain either a logic 0 or logic 1 is at access time during a read cycle. Dqut will 
remain valid from access time until CAS is taken back to the inactive (high level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. The first of 4 bits is accessed in the 
usual manner with read data coming out at tCAC time. By keeping RaE low, ^AS can be cycled up and then 
down, to read or write the next three pages at high data rate (faster than tcAC)« Row and column addresses 
need only be supplied for the first access of the cycles. From then on, the falling edge of CAE will activate the 
next bit. After four bits have been accessed, the next bit will be the same as the first bit accessed (wrap¬ 
around method). 
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( 0 , 0 )-- ( 0 . 1 )-- ( 1 , 0 )-► ( 1 , 1 ) 


Address A9 determines the starting point of the circular 4 bits nibble. Row A9 and column A9 provide the two 
binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion; 00—*01~*10—*11 with A9 row being the least 
significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any conbinations of reads and writes or late 
writes will be allowed. In addition, the circular wrap-around will continue for as long as RAS is kept low. 

^ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 row 
address (A0~A8) within each 8 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with “RAS-only” cycles. 

CAS BEFORE ^ REFRESH 

CAS before RAS refreshing available on the TC511001AP/AJ/AZ offers an alternate refresh method. If CAS 
is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh control clock generators 
and the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh 
operation is performed, the refresh address counter is automatically incremented in preparation for the next 
CAS before RAB refresh operation. 


HIDDEN REFRESH 

An optional feature of the TC511001AP/AJ/AZ is that refresh cycles may be performed while maintaining 
valid data at the output pin. This referred to as Hidden Refresh. Hidden Refresh is performed by holding CAS 
at ViL and taking RAS high and after a specified precharge period (tRp), executing a CAS before RAS refresh 
cycle, (see Figure below) 


RAS 


Dour 



MEMORY CYCLE J 

REFRESH CYCLE 

REFRESH CYCLE 






V / 








\ 

r 





_/ 
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““ OP 

\. 

r 






This feature allows a refresh cycle to be "hidden” among data cycles without affecting the data avilability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC511001AP/AJ/AZ can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ/WRITE operation taking the internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CaS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

(D Write “0" into all the memory cells at normal write mode. 

<D Select one certain column address and read “0” out and write “1” in each cell by performing CAS 
BEFORE REFRESH COUNTER TEST (READ-WRITE CYCLE). Repeat this operation 512 times. 

(D Check “1” out of 512 bits at normal read mode, which was written at (D . 

® Using the same column as d), read “1” out and write “0" in each cell performing CAS BEFORE RAS 
REFRESH COUNTER TEST. Repeat this operation 512 times. 

® Check “0" out of 512 bits at normal read mode, which was written at @ . 

(D Perform the above (D to (D to the complement data. 
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TEST MODE 

The TC511001AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is internally organized 
262,144 words by 4 bits. In ‘Test Mode”, data is written into a number of sectors (4 sectors) in 
parallel and retrieved the same way. If, upon reading, all bits are equal (all “H” or‘‘L”), the data 
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected 
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if 
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig. 
1 shows the block diagram of TC511001AP/AJ/AZ including its truth table when ‘Test Mode” is used. 
In test mode, IMDRAM can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test Mode 


An, Am 



TF Pin = Super voltage; Test Mode 
TF Pin=:Vii_ (TF) level or High-Z; Normal 


Truth Table in Test Mode Function 


A 

B 

C 

0 

Dout 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

Otherwise 

Hi-Z 


Fig. 1 
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‘Test Mode" function is performed on any of the timing cycles except Nibble Mode when ‘TF” pin is 
held on “super voltage(Vcc+4'5V(Vcc = 5V± 10%), max. voltages 10.5V)” for the specified period (txES. 
tTEHR and tTEHC; see Fig. 2). The address input of A9 is ignored in the ‘Test Mode". 

On the other hand, normal operation requires the ‘TF” pin be connected to Vil (TF) level, or left 
unconnected on the printed wiring board. 

The ‘Test Mode” function reduces test times (1/4; in case of using N test pattern). 
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1,048,576 WORD x 1 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC511002BP;'BJ/BZ/BFT is the new generation dynamic RAM organized 1,048,576 words by 1 
bit. The TC511002BP/BJ/BZ/BFT utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC511002BP/BJ/BZ/BFT to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size 
provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±ip% tolerance, 
direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by Ibit organization 

• Fast access time and cycle time 



TCS11002BP/BJ/BZ/BFT-60 

tpAC ItAS Access Time 

60ns 

tAA Column Address 
Access Time 

30ns 

tCAC ^ Access Time 

20ns 

tRC Cycle Time 

110ns 

tsc Static Column 

Mode Cycle Time 

3Sns 


• Single power supply of 5V±10% 
with a built-in Vbb generator 


PIN CONNECTION 








Low Power 


495mW MAX. Operating 
5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 
Common I/O capabil iW 

Read -Modify-Write, before RAS refresh, 
RAS-only refresh. Hidden refresh, Static 


Column Mode and Test Mode capability 
All inputs and output TTL compatible 
512 refresh cycles/8ms 

Package TC511002BP : DIP18-P-300C 

TC511002BJ : SOJ26-P-300 

TC511002BZ : ZrP20-P-400 

TC511002BFT : TSOP24-P.0616 


Plastic DIP 


Plastic SOJ 


Plastic ZIP 


DinC 1 
WRITEC2 
Ra5[3 
TFC4 
A0[ 5 
Al[6 
A2C7 
A3[8 
VccC9 


18 


P^ss C^N 

170 Dour Will 

— RAS 

TF 
N.C. 


16]e5 
15]A9 
14]A8 
13 3A7 
12]A6 
11 ]AS 
10]A4 





A9 

:'z^ rr 

DouT 

Pz:! rr 

OiN 

r6== 

raJ 

^z:; ri' 

N.C. 

9.J 

AO 

ny 

A2 

r,v 

Vcc 

5V 

AS 

17' ^z: 


:zz '18 

A7 

r2b' 




(3 

Vs$ 

write 

TF 

At 

A3 

A4 

A6 

AS 


PIN NAMES 


A0--A9 

Address Inputs 

ra3 

Rovy Address Strobe 

Din 

Data In 

OouT 

Data Out 

C5 

Chip Select Input 

WftiTE 

Read/Write Input 

Vcc 

Power {+ 5V) 

Vss 

Ground 

TF 

Test Function 

N.C. 

No Connection 



1 

2 


Plastic TSOP 


24 A8 
23 A7 
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BLOCK DIAGRAM 
\A/RltE 
IS 


N0.2 CLOCK 
GENERATOR 


iii 


COLUMN 
ADDRESS 
BUFFERS (to) 


REFRESH 
CONTROLLER 

REFRESH 
COUNTER (9) 


ROW 
ADDRESS 
BUFFERS (10) 


DATA IN 
BUFFER 


DATA OUT 
BUFFER 


COLUMN 

DECODER 


SENSE AMP. 
I/O GATING 


MEMORY 

ARRAY 


___ N0.2 CLOCK 

*■ G£NERAT( 


SUBSTRATE BIAS 
GENERATOR 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

Input Voltag* 

V|N 

Test Function Input Voltage 

ViN(Tr) 

Output Voltage 

VoUT 

Power Supply Voltage 

Vcc 

Operating Temperature 

ToPd 

Storage Temperature 

Tstg 

Soldering Temperature • Time 

TsOtOER 

Power Dissipation 

Po 

Short Circuit Output Current 

•out 


RATING 


- 1-7 


- 1-10.5 


-1-7 


-1-7 


0-70 


-55-150 


RECOMMENDED DC OPERATING CONDITIONS (Ta = O-TCC) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V,H 

Input High Voitage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 


Test Enable Input High Voltage 

Vcc *4.5 

- 

10.5 

V 

2 

V|L<TF) 

Test Disable Input Low Voltage 

- 1.0 


Vcc *1.0 

V 

2 
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DC ElEaRICAl CHARACTERISTICS (VCC = 5V±10%, Ta = 0'70"c) 


MAX. UNITS NOTES 









OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, C5, Address Cycling: tRc*tRc MIN.) 


STANDBY CURRENT 

Power Supply Standby Current 


RS5 ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAi Cycling, ^xVih: tRC*tRc MIN.) 


STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 

Mode (RAS*C5a ViL, Address Cycling: tsc*t$c MIN.) 


STANDBY CURRENT 

Power Supply Standby Current 

()Cii3»K»Vcc-0.2V) 


BEFORE JCS5 REFRESH CURRENT 
Average Power Supply Current, S Before RAS 
Mode (RAS, Cycling: tRc*tRc MIN.) 


INPUT LEAKAGE CURRENT (any input except TF) 
Input Leakage Current, any input 
(0VSV,hS6.5V, All Other Pins Not Under Test*0V) 


INPUT LEAKAGE CURRENT (only TF) 

(0VSV,n(tf) SVcc + O.SV, All Other Pins Not Under Test * OV) 


TC511002BP/BJ/ 

BZ/BFT-60 


TC5H002BP/BJ/ 

BZ/BFT-BO 


TC511002BP/BJ/ 

BZ/BFT-60 


TC511002BP/BJ/ 

B2/BFT-60 


‘0(L) 

OUTPUT LEAKAGE CURRENT 

(Oqut is disabled, OVSVoyi-S ♦S.SV) 

iTf 

TEST FUNCTION INPUT CURRENT 
(Vcc + 4.5VSViN(Tf) S 10.5V) 

VOH 

OUTPUT LEVEL 

Output *H' Level Voltage (Iout= -5mA) 

VoL 

OUTPUT LEVEL 

Output *L* Level Voltage (Iqut® 4.2mA) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(VCC = 5V±10%, Ta = 0~70*c)(Notes 6. 7, 8) 


TCS11002BP/BJ/BZ/BFT-60 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Static Column Mode Cycle Time 


Static Column Mode Read-Modify-Write Cycle Time 


Access Time from Sa5 


Access Time from C5 


Access Time from Column Address 


Access Time from Last Write 


to Output in Low-Z 


Output Buffer Turn-Off Delay 


Output Data Hold Time from Column Address 


Output Data Enable Time from WriTE 


Output Data Hold Time from WRitE' 


Transition Time (Rise and Fall) 


RAS Precharge Time 


Pulse Width 


RaS Pulse Width (Static Column Mode) 


to Ra 5 Hold Time 


RAS to C5 Hold Time 


(3 Pulse Width 


C5 Pulse width (Static Column Mode) 


RAS to Delay Time 


Ra 5 to Column Address Delay Time 


to RAS Precharge Time 


Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced to RAS (WRITE 
CYCLE) 


Column Address Hold Time referenced to RAS (READ 
CYCLE) 


Column Address to RAS Lead Time 


Column Address Hold Time referenced to RAS Rise 


Write Command to C5 Lead Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 


TC5n002BP/BJ/BZ/BFT-60 


SYMBOL 

PARAMETER 

ttWAD 

Last Write to Column Address Delay Time 

tAHLW 

Last Write to Column Address Hold Time 

tRCS 

Read Command Set-up Time referenced to 

tRCH 

Read Command Hold Time referenced to 

tRRH 

Read Command Hold Time referenced to RAS 

twCH 

Write Command Hold Time 

twCR 

Write Command Hold Time referenced to RaS 

twP 

Write Command Pulse Width 

twi 

Write Command Inactive Time 

tRWL 

Write Command to RAS Lead Time 

Ids 

Data-In Set-Up Time 

tpH 

Data-In Hold Time 

tOHR 

Data-In Hold Time referenced to Ra5 

tREF 

Refresh Period 

twcs 

Write Command Set-UP Time 

tcwo 

C? to WRITfe Delay Time 

tgwo 

RAS to WRITE Delay Time 

tAWO 

Column Address to WRITE Delay Time 

kSR 

C5 Set-Up Time (C? before RAS) 

tCHR 

C? Hold Time (C5 before RAS) 

tRPC 

RAS.Precharge to C? Aaive Time 

tCPT 

Precharge Time (C5 before RAS Counter Test) 

tTES 

Test Mode Enable Set-Up Time referenced to RaS 

tTEHR 

Test Mode Enable Hold Time referenced to RaS 

tTEHC 

Test Mode Enable Hold Time referenced to C5 


CAPACITANCE (VCC = 5V± 10%. f= 1MHz. Ta = 0~70‘’C) 


SYMBOL 


Cm 


Input Capacitance (A0~A9. Oun) 


Ci 2 Input Capacitance C5, Wftltf. TF) 


Co Output Capacitance (Dqut) 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. ICC3i ICC4. ICC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS=Vil. 

6. An initial pause of 200ps is required after power-up followed by any 8 HAS cycles before proper 
device operation is achieved. In case of using internal refresh counter, a minimum of 8 ^ Before 
RAS initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT=5ns. 

8. ViH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vjh and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toPF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tacH or tuRH must be satisfied for a read cycle. 

12. These parameters are referenced to C5 leading edge in early write cycles and to WRITE leading 
edge in read-modify-write cycles. 

13. twcSi tRWD. tcwD, and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs^ twcs (min.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tRWD^ tRWD (min.), tcwD^ tcwD (min.), and Iawd^ tAWD (min.), the cycle is a read-modify-write 
cycle and the data out will contain data read from the selected cell: If neither of the above sets 
of conditions is satisfied, the condition of the data out(at access time) is indeterminate. 

14. Operation within the tRCD (min.) limit insures that IraC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If Ircd is greater than the specified Ircd (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD(max.)is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled exclusively by Iaa- 

16. Operation within the tLWAD(max.) limit insures that tALW(raax.) can be met. 

tLWAD(max.) is specified as a reference point only: If t^WAD is greater than the specified 
tLWAD(max.) limit, then access time is controlled exclusively by tAA- 

11. tAH is the condition to latch column address when RA’S has risen up. 
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TIMING WAVEFORMS 


READ CYCLE 




Note; “TF" pin should be connected to level or open, if "Test Mode" is not used. 
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'TF” pin should be connected to Vii,(xr) level or open, if "Test Mode" is not used. 
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 


tRP 



VqU 

DouT „ ---OPEN 

VOL - 


STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

IDSJ5 


A0~A9 


Cl 


write 


D(N 


Dout 


VOL 



: 'H' or *L' 


Note: TF” pin should be connected to V|i^(TP)level or open, if 'Test Mode" is not used. 
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STATIC COLUMN MODE RE AD • MODIFY - WRITE CYCLE 
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R55 ONLY REFRESH CYCLE 


tRC 


L 


I 










TC511002BP/BJ/BZ/BFT-60 









TC511002BP/BJ/BZ/BFT-60 



Note: "TF" pin should be connected to V|l (td level or open, If “Test Mode" is not used. 
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TEST MODE 

The TC511002BP/BJ/BZ/BFT is the RAM organized 1,043,576 words by 1 bit, it is internally 
organized 262,144 words by 4 bits. In ‘Test Mode", data is written into a number of sectors (4 sectors) 
in parallel and retrieved the same way. If, upon reading, all bits are equal (all “H” or‘‘L”), the data 
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected 
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if 
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig. 
1 shows the block diagram of TC511002BP/BJ/BZ/BFT including its truth table when ‘Test Mode" is 
used. 

In test mode, IMDRAM can be tested as if it were 256K DRAM by the following method. 


Block Diagram in Test Mode 


An, Am 


An, Am 


NORMAL 



9 


n Nch 


Door 




Nch 


TF Pin a Super voltage; Test Mode 
TF Pin * ViL (Tf) level or Hi-Z; Normal 


Truth Table in Test Mode Function 


A B C 0 

Dour 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

Otherwise 

Hi-Z 


Fig. 1 
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TC511002BP/BJ/BZ/BFT-60 



Test Mode" function is performed on any of the timing cycles including Static Column Mode when 
*TF" pin is held on “super voltage (Vcc +4.5V (Vcc=5V± 10%), max. voltage = 10.5V)” for the specified 
period (txES* tTEHR and txEHC; see Fig. 2). The address input of A9 is ignored in the Test Mode". 


On the other hand, normal operation requires the “TF” pin be connected to Vjl (tf) level, or left 
unconnected on the printed wiring board. 
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I002AP/AJ/ 


TENTATIVE DATA 

1,048,576 WORD x 1 BIT DYNAMIC RAM 


DESCRIPTION 

The TC511002AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 1 bit. 
The TC511002AP/AJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC511002AP/AJ/AZ to be packaged in a standard 18 pin plastic 
DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System 
oriented features include single power supply of 5V±10% tolerance, direct interfacing capability with 
high performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by Ibit organization 

• Fast access time and cycle time 

I I TC5n002AP/AJ/AZ-70/-80/- 10 


tRAC Access Time 

70ns 

80ns 

100ns 

tAA Column Address 
Access Time 

35ns 

40ns 

50ns 

kAC Access Time 

20ns 

20ns 

25n$ 

Irc Cycle Time 

130ns 

150ns 

180ns 

tsc Static Column 

Mode Cvcie Time 

40 ns 

45ns 

55ns 


• Single power supply of 5V±10% 
with a built-in Vbq generator 

PIN NAMES 


A0~A9 

Address Inputs 

WRITE 

Read/Write Input 

RAS 

Row Address Strobe 

Vcc 

Power (+ 5V) 

Din 

Data In 

Vss 

Ground 

Dour 

Data Out 

TF 

Test Function 

CS 

Chip Select Input 

N.C. 

No Connection 


Low Power 

440m'W MAX. Operating 

(TC511002AP/AJ/AZ - 70) 

SdSmW MAX. Operating 

(TC511002AP/AJ/AZ -80) 

330mW MAX. Operating 

(TC511002AP/AJ/AZ -10) 

5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 
Common I/O capability 

Read -Modify-Write, ^ before RAS refresh, 
RAS-only refresh. Hidden refresh, Static 
Column Mode and Test Mode capability 
All inputs and output TTL compatible 
512 refresh cycles/8ms 


Package 


TC511002AP 

TC511002AJ 

TC511002AZ 


DIP18-P.300C 

SOJ26-P-300 

ZIP20-P-400 


PIN CONNECTION (TOP VIEW) 


Din[ 


18 

IVss 

DinI 

f5=- 

1 

26 

]Vs5 

writeQ 

RAS[ 

2 

3 

17 

16 

IDquT 

]cs 

WRITEC 

RASC 

2 

3 

25 

24 

JDouT 

]cs 

TF[ 

4 

15 

]A9 

TF[ 

4 

23 

iN.C. 

A0[ 

5 

14 

3A8 

N.C.[ 

5 

22 

]A9 

A1[ 

6 

13 

3A7 

A0[ 

9 

18 

]A8 

A2[ 

7 

12 

]A6 

All 

10 

17 

]A7 

A3[ 

8 

11 

]A5 

A2I 

11 

16 

]A6 

VccC 

9 

in 

]A4 

A3[ 

12 

IS 

]A5 




VccC 

13 

14 

]A4 












TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


BLOCK DIAGRAM 


WRITE o- 


IS o- 


TF O 


AO O*- 
A1 <>► 
A2 <>► 
A3 O*- 
A4 O-^ 
AS O*- 
A6 0»- 
A7 O*- 
A8 O*- 
A9 O*- 






N0.2 CLOCK 
GENERATOR 




Ra5< 


COLUMN 
ADDRESS 
BUFFERS (10) 


REFRESH 
COUNTER (9) 


s 


ROW 
ADDRESS 
BUFFERS (10) 


N0.2 CLOCK 
GENERATOR 


REFRESH 

CONTROLLER 

' I'"' 


DATA IN 
BUFFER 


DATA OUT 
BUFFER 






1 -^ 


COLUMN 

DECODER 


— 2048 -- 


a 


**0 Din 


kO OouT 


SENSE AMP. 
I/O GATING 





lU 

$ o 

j ’ 

MEMORY 

O O 

€C U 

512 

ARRAY 

lU 

1 


O 

J » 





SUBSTRATE BIAS 
GENERATOR 


|"*-0 Vcc 
0 Vss 


MAXIMUM RATINGS 


CHARAaERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

V|N 

-1~7 

V 

1 

Test Function Input Voltage 

V|N(TF) 

-1~10.5 

V 

1 

Output Voltage 

VOUT 

- 1-7 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 

V 

1 

Operating Temperature 

Topr 

o 

J 

o 

•c 

1 

Storage Temperature 

T$to 

-55-150 

•c 

1 

Soldering Temperature • Time 

Tsoloer 

260-10 

•C sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = O-yO'C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 

V|H (TF) 

Test Enable Input High Voltage 

Vcc+ 4.5 


10.5 

V 

2 

V|L(TF) 

Test Disable Input Low Voltage 

- 1.0 


Vcc+ 10 

V 

2 


A-132 
















































































TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 

TC511002AP/AJ/AZ-10 


DC ELECTRICAL CHARACTERISTICS (VCC = 5V ± 10%, Ta = 0-70°c) 


SYMBOL 

CHARACTERISTIC 

MIN. 

MAX. 

UNIT 

NOTE 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, Address Cycling: tRc = tRc MIN.) 

TCS11002AP/AJ/AZ-70 

- 

80 

mA 

■ 

TC511002AP/AJ/AZ-80 

- 

70 

TCS11002AP/AJ/AZ-10 

- 

60 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(Ra5 = C5=V|h) 

■ 

2 

mA 

■ 

■CC3 

ra5 only refresh current 

Average Power Supply Current, RAS Only Mode 
(RaS Cycling, £5 = V|h: tRc = tRc MIN.) 

TC511002AP/AJ/AZ-70 

- 

80 

mA 

B 

TC511002AP/AJ/AZ-80 

- 

70 

TC5n002AP/AJ/A2-10 

- 

60 

■cc4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 

Mode (RASsSs V|L, Address Cycling: tsc= tsc MIN.) 

TC511002AP/AJ/AZ-70 

- 

60 

mA 

B 

TCS11002AP/AJ/AZ-80 

- 

50 

TC511002AP/AJ/A2-10 

- 

40 

•ccs 

STANDBY CURRENT 

Power Supply Standby Current 
(RA? = e5=Vcc-0.2V) 

■ 

■ 

mA 

B 

•CC6 

C5 BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before RAS 

Mode (RaS, £5 Cycling: tRc»tRc MIN.) 

TC511002AP/AJ/AZ-70 

- 

80 

mA 

3 

TC511002AP/AJ/AZ-80 

- 

70 

TC5n002AP/AJ/AZ-10 

- 

60 

>I(U 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input 
{0 VSV|hS 6.5V, All Other Pins Not Under Test = 0V) 

- 10 

10 

pA 

B 

■iTFa) 

INPUT LEAKAGE CURRENT (only TF) 

(0V£V|n (TF) SVcc + O.SV, All Other Pins Not Under Test = 0V) 

-10 

10 

pA 

B 

■o (L) 

OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OVSVqutS + 5.5V) 

-10 

10 

pA 

B 

Itf 

TEST FUNCTION INPUT CURRENT 

(Vcc + 4.SVSV|n(tf) SIO.SV) 

■ 

B 

mA 

B 

VoH 

OUTPUT LEVEL 

Output "H” Level Voltage (Iqut = -5mA) 

B 

B 

B 

B 

VoL 

OUTPUT LEVEL 

Output “L* Level Voltage (louT* 4.2mA) 

B 

B 

B 

B 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(VCC=:5V±10%, Ta = 0~70“c)(Notes6, 7, 8) 



CHARACTERISTIC 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Static Column Mode Cycle Time 


Static Column Mode Read-Modify- 
Write Cycle Time 


Access Time from RAS 


Access Time from 


Access Time from Column Address 


Access Time from Last Write 


C§ to Output in Low-Z 


Output Buffer Turn-Off Delay 


Output Data Hold Time from Column 
Address 


Output Data Enable Time from WRiTE 


Output Data Hold Time from WRITE 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Pulse Width (Static Column Mode) 


C5 to RaS Hold Time 


RAS to C5 Hold Time 


TC511002AP/ 

AJ/AZ-70 


MIN. I MAX. 


130 


TC511002AP/ 

AJ/AZ-80 


TC511002AP/ 

AJ/AZ-10 



tes 

C5 Pulse Width 

20 

10,000 

20 

10,000 

25 

10,000 

mmi 

'CSC 

£5 Pulse Width (Static Column Mode) 

20 

100,000 

20 

100,000 

25 

100,000 

mwm 

'rco 

RAS to C5 Delay Time 

20 

so 

20 

60 

25 

75 

mtm 

'rad 

RAS to Column Address Delay Time 

IS 

35 

15 

40 

20 

50 

Dm 



C5 to RAS Precharge Time 


C5 Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced 
to Ra5 (WRITE CYCLE) 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 

TC511002AP/AJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

CHARACTERISTIC 

TCS11002AP/ 

AJ/AZ-70 

TC511002AP/ 

AJ/AZ-80 

TC511002AP/ 

AJ/AZ-10 

UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Iar 

Column Address Hold Time referenced 
to Ra5 (READ SYCLE) 

80 

- 

90 

- 

115 

- 

ns 


tRAL 

Column Address to RaS Lead Time 

35 

- 

40 

- 

50 

- 

m 


Lah 

Column Address Hold Time referenced 

to RA$ Rise 

5 

■ 

5 

■ 

10 

■ 

ns 

17 

kwL 

Write Command to CS Lead Time 

20 

- 

20 

- 

25 

- 

m 

bh 

kWAD 

Last Write to Column Address Delay 

Time 

20 

30 

20 

35 

25 

45 

ns 

16 

■tAHLW 

Last Write to Column Address Hold 

Time 

65 

- 

75 

- 

95 

- 

ns 

■ 

tRCS 

Read Command Set-up Time 
referenced to CS 

0 

- 

0 

- 

0 

- 

ns 

■ 

tRCH 

Read Command Hold Time referenced 

toS 

0 

- 

0 

- 

0 

- 

ns 

11 

tRRH 

Read Command Hold Time referenced 

to R^ 

0 

- 

0 

- 

0 

- 

ns 

11 

twCH 

Write Command Hold Time 

IS 

- 

15 

- 

20 

- 

ns 

13 

%CR 

Write Command Hold Time referenced 

to RAS 

55 

- 

60 

- 

75 

- 

ns 


twR 

Write Command Pulse Width 

15 

- 

15 

- 

20 

- 

ns 


twi 

Write Command Inactive Time 

10 

- 

10 

- 

10 

- 

ns 


Irwl 

Write Command to RaS Lead Time 

20 

- 

20 

- 

25 

- 

ns 


^DS 

Data-In Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

tOH 

Data-In Hold Time 

15 

- 

15 

- 

20 

- 

ns 

12 

tOHR 

Data-In Hold Time referenced to RaS 

55 

- 

60 

- 

75 

- 

ns 


tREF 

Refresh Period 

- 

8 

- 

8 

- 

8 

ms 


twcs 

Write Command Set-UP Time 

0 

- 

0 

- 

0 

- 

ns 

13 

tcWD 

CS to write Delay Time 

20 

- 

20 

- 

25 

- 

ns 

13 

tRWD 

RaS to WRitE Delay Time 

70 

- 

80 

- 

100 

- 

ns 

13 

tAWD 

Column Address to WRITE Delay Time 

35 

- 

40 


50 

- 

ns 

13 

tcSR 

C5 Set-Up Time (C5 before RaS) 

5 

- 

5 

- 

5 

- 

ns 


kHR 

C§ Hold Time (C5 before RaS) 

15 

- 

15 

- 

20 

- 

ns 


tRPC 

RAS Precharge to Active Time 

0 

- 

0 

~ 

0 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

CHARACTERISTIC 

TC511002AP/ 

AJ/A2-70 

TC511002AP/ 

AJ/AZ-80 

TC511002AP/ 

AJ/A2-10 

UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tcPT 

iK Precharge Time 

(C? before RAS Counter Test) 

40 

- 

40 

- 

50 

- 

ns 

■ 

tTES 

Test Mode Enable Set-Up Time 
referenced to ftAS 

0 

O 

0 

- 

0 

m 

ns 

■ 

tTEHR 

Test Mode Enable Hold Time 

referenced to RaS 

0 

- 

0 

- 

0 

- 

ns 

n 

tTEHC 

Test Mode Enable Hold Time 

referenced to £5 

0 

■1 

0 

■ 

0 

- 

ns 

■ 


CAPACITANCE (VCC = 5V ± 10%. f = 1 MHz. Ta = 0-70°C) 


SYMBOL 

CHARACTERISTIC 

MIN. 

MAX. 

UNIT 

Cl, 

Input Capacitance (A0~A9, Din) 

- 

5 

PF 

Cl2 

Input Capacitance (RA§, S, WRITE, TF) 

- 

7 

Co 

Output Capacitance (Dqut) 

- 

7 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 

TC511002AP/AJ/AZ-10 


NOTES: 

1. Stresses greater than those listed under “Maximum Ratings” may cause permanent damage to the 
device. 

2. All voltages are referenced to Vss- 

3. Icci. IcC3i IcC4. IcC6 depend on cycle rate. 

4. IcCl. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RaS=Vil. 

6. An initial pause of 200ps is required after power-up followed by any 8 RAS cycles before proper 
device operation is achieved. In case of using internal refresh counter, a minimum of 8 US Before 
RAS initialization cycles instead of 8 RA$ cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tgcH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CS leading edge in early write cycles and to WRITE leading 
edge in read-modify-write. 

13. twcs. tRWD. tcwD. and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcS—twcs(nain.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tRWD = tRWD (min.), tcwD^ tcwD (min.), and tAWD^ tAWD (min.), the cycle is a read-modify-write 
cycle and the data out will contain data read from the selected cell: If neither of the above sets 
of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (min.) limit insures that tRAC (max.) can be met. 

tRCD(max.)is specified as a reference point only: If tRCD is greater than the specified tRCD(max.) 
limit, then access time is controlled by tcAC* 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled exclusively by tAA* 

16. Operation within the tLWAD(max.) limit insures that tALW(max.) can be met. 

tLWAD(max.) is specified as a reference point only: If tLWAD is greater than the specified 
tLWAD(max.) limit, then access time is controlled exclusively by tAA- 

17. tAH is the condition to latch column address when RAS has risen up. 
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TIMING WAVEFORMS 
READ CYCLE 



Note; “TF" pin should be connected to Vil(tf) level or open, if "Test Mode” is not used. 
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READ-MODIFY-WRITE CYCLE 



39 




















TG511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 



Note: “TF" pin should be conneclcd to Vil(TF) level or open, if “Test Mode" is not used. 
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STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE 
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_ 

EaS only refresh cycle 

I- - 

tRC 

-r-- 
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HIDDEN REFRESH CYCLE (READ: 
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TEST MODE 

The TC511002AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is internally organized 
262,144 words by 4 bits. In “Test Mode", data is written into a number of sectors (4 sectors) in 
parallel and retrieved the same way. If, upon reading, all bits are equal (all “H” or“L”), the data 
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected 
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if 
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig. 
1 shows the block diagram of TC511002AP/AJ/AZ including its truth table when “Test Mode” is used. 

In test mode, IMDRAM can be tested as if it were 256K DRAM by the following method. 


Block Diagram in Test Mode 


An, Am 



TF Pin = Super voltage; Test Mode 
TF Pin = V|L (TF) level or Hi-2; Normal 


Truth Table in Test Mode Function 


A B C 0 

Dout 

0 

0 

0 

0 

0 

1 

1 

_ 

1 

1 

Otherwise 

Hi-2 


Fig. 1 
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“Test Mode” function is performed on any of the timing cycles including Static Column Mode when 
“TF” pin is held on “super voltage (Vcc +4.5V (Vcc = 5V± 10%), max. voltage = 10.5V)” for the specified 
period (tTES. txEHR and tTEHC. see Fig. 2). The address input of A9 is ignored in the “Test Mode”. 

On the other hand, normal operation requires the ‘TF” pin be' connected to Vil (TF) level, or left 
unconnected on the printed wiring board. 

The ‘Test Mode” function reduces test times (1/4; in case of using N test pattern). 


V|H 


RAS 


CS 


V|L - 


V.L - 


TF 


V|H{TP)' 


--^ 

\ . 



I ties 

\ 


ilE.HC(0n$) 

(Ont) 

1 tlEHRWns) ^ 

-—J - 1 

k 


Fig. 2 Test Mode Cycle 
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262,144 WORD x4 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514256BP/BJ/BZ/BFT is the new generation dynamic RAM organized 262,144 words by 4 bits. 
The TC514256BP/BJ/BZ/BFT utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514256BP/BJ/BZ/BFT to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size 
provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V ± 10% tolerance direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 262,144 word by 4 bit organization 

• Fast access time and cycle time 



TC514256BP/BJ/B2/BFT - 60 

tRAC SaS Access Time 

60ns 

tAA Column Address 
Access Time 

30ns 

tcAC <iAS Access Time 

20ns 

tRc Cycle Time 

110ns 

tpc Past Page Mode 
Cycle Time 

40ns 


• Single power supply of 5V±10% 
with a built-in Vbb generator 


Low Power 

495mW MAX. Operating 
6.5mW MAX. Standby 

Outputs unlatched at cycle end allows two- 

dimensional chip sel ection _ 

Re^ -Modify-Write, CAS before kAS refresh, 

kAS-only refresh, Hidden refresh, and Fast 

Page Mode Capability 

All inputs and outputs TTL Compatible 

512 refresh cycles/8ms 

Package TC514256BP : DIP20.P-300B 

TC514256BJ : SOJ26-P-300 

TC514256BZ : ZrP20-P-400 

TC514256BFT : TSOP24-P-0616 


PIN CONNECTION 


Plastic DIP 


Plastic SOJ 


Plastic ZIP 


1/01 
1/02 Q 

W/tlTE 

N.C. 

AO 

A1 

A2 

A3 

vcc q 


2ob 


190 


180 


1/03 
pCA5 


130 


IVjs 

11/04 


15]A8 
14] 


A7 

A6 

AS 

pA4 


2D 



PIN NAMES 


AO-AB 

Address Inputs 

Ka5 

Row Address Strobe 


Column Address Strobe 

WRITE 

Read/Write Input 

m 

Output Enable 

o 

T 

Data Input/Output 

Vcc 

Power (+ 5V) 

Vss 

Cround 

N.C. 

No Connection 



1 

2 

1/03 

3 

1/04 

4 

v $$ 

S 

1/01 

6 

1/02 

9 


10 

11 

N.C. 

12 


24 

A8 

23 

A7 

22 

A6 

21 

AS 

20 

A4 

17 

Vcc 

16 

AT 

15 

A2 

14 

A1 

13 

AO 
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TC514256BP/BJ/BZ/BFT-60 


BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V|N 

- I~7 

V 

1 

Output Voltage 

VoUT 

- 1~7 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 

V 

1 

Operating Temperature 

Topr 

o 

1 

o 

•c 

1 

Storage Temperature 

Tsto 

-55-150 

•c 


Soldering Temperature • Time 

Tsoioer 

260-10 

•C-sec 

1 

Power Dissipation 

Po 

600 

mW 

1 

Short Circuit Output Current 

■out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = O-TO'c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V.H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V.t 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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TC514256BP/BJ/BZ/BFT-60 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = O-yCc) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tnc*^K K^IN.) 

TC5142S6BP/BJ/ 

B2/BFT-60 


90 

mA 

3. 4 

5 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RaSsCSSsVih) 


2 

mA 

■ 

lea 

IEX5 ONLY REFRESH CURRENT 

Average Power Supply Current, Ka 5 Only Mode 
Cycling, tRc^tRc MIN.) 

TCS14256BP/BJ/ 

BZ/BFT-60 


90 

mA 

3, 5 

lcC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS s ViL, (iAS, Address Cycling: tpc^tpc MIN.) 

TC514256BP/BJ/ 

BZ/BFT-60 


60 

mA 

3, 4 

5 

lees 

STANDBY CURRENT 

Power Supply Standby Current 
(Ra5«:Ca5 = Vcc-0.2V) 


fl 

mA 

■ 

Icc6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CAS Cycling: tpc»tRc MIN.) 

TC5142568P/BJ/ 

BZ/BFT.60 


90 

mA 

3 

'l (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OVSVinSB.SV, All Other Pins Not Under Test«0V) 

-10 

10 

|iA 

■ 

lo<i) 

OUTPUT LEAKAGE CURRENT 

(Dout it disabled, OVS VqutsS 5.5V) 

-10 

10 

pA 

B 

VoH 

OUTPUT LEVEL 

Output ”H' Level Voltage (Iqut “ -5mA) 

D 

■ 

D 


VoL 

OUTPUT LEVEL 

Output "L* Level Voltage (Iqut = 4.2mA) 

■ 

D 

B 

B 


A-151 




















































TC514256BP/BJ/BZ/BFT-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%, TasO-yO^c) (Notes 6, 7, 8) 




TC514256BP/BJ/BZ/BFT-60 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write Cycle Time 


Access Time from RAS 


Access Time from WT 


Access Time from Column Address 


Access Time from CAS Precharge 


CAi to output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RaS Precharge Time 


RAS Pulse Width 


RaS Pulse Width (Fast Page Mode) 


RaS Hold Time 


RaS Hold Time From CAS Precharge (Fast Page Mode) 


CAS Hold Time 


Ca 5 Pulse Width 


RaS to CAS Delay Time 


RaS to Column Address Delay Time 


CAS to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced to RAS 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time referenced to R73 


Write Command Hold Time 
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TC514256BP/BJ/BZ/BFT-60 


ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 



PARAMETER 

TC514256BP/BJ/BZ/BFT-60 


NOTES 


MIN. 

MAX. 


^91 

Write Command Hold Time referenced to RAS 

45 

- 

m 

IH 

BSI 

Write Command Pulse Width 

10 

- 

■I 

IHH 


Write Command to RAS Lead Time 

20 

- 

la 

HH 


Write Command to CAS Lead Time 

20 

- 

Bl 

HB 

tos 

Data Set-Up Time 

0 

- 

in 

12 

tOH 

Data Hold Time 

15 

- 

o 

12 

tOHR 

Data Hold Time referenced to Ra^ 

50 

- 

m 


tREF 

Refresh Period 

- 

8 

UjQII 


twcs 

Write Command Set-UP Time 

0 

- 

■■ 

13 

tCWD 

CAS to WRiTe Delay Time 

50 

- 

m 

13 

tRWD 

RAS to Write Delay Time 

90 

- 

D 

13 

tAWO 

Column Address to WRITE Delay Time 

60 

- 

m 

13 

kpwo 

CaS Precharge to WRITE Delay Time 

65 


n 

13 

kSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

5 

- 

ns 


kHR 

CaS Hold Time 
(CAS before RaS Cycle) 

15 


ns 


tRPC 

RAS to CAS Precharge Time 

0 

- 

D 


tCPT 

CAS Precharge Time (CAS before RS5 Counter Test 

Cycle) 

30 

- 

ns 


koH 

RAS Hold Time referenced to CE 

10 

- 

■11 


kEA 

<3E Access Time 

- 

20 

Di 


kEO 

EfE to Data Delay 

20 

- 

111 


kEZ 

Output buffer turn off Delay Time from QE 

0 

20 

ni 


kEH 

UE Command Hold Time 

20 

HHil 

111 



CAPACITANCE (Vrr = 5V ± 10%. f=1MHz, TasO-TO'c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cm 

Input Capacitance (A0~A8) 

- 

5 

PF 

C|2 

Input Capacitance (RaS, CAS, WRITE, OE) 

- 

7 

pF 

Co 

Input/Output Capacitance (i/01~l/04) 

- 

7 

pF 
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TC514256BP/BJ/BZ/BFT-60 


NOTES: 

1. Stresses greater .than those listed under "Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss. 

3. Icci. ICC3. ICC4, ICC6 depend on cycle rate. 

4. Icci» ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS=Vil and CAS=Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT=5ns. 

8. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vim and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twcSi tRWDi tcwD, tAWD and tcpWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs^ twcs (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRwo^tRWD (min.), tcwD^tcwu (min.) , tAWD^ tAWD (min.) and tcpwD^tcPWD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell; If neither of the above sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 
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TC514256BP/BJ/BZ/BFT-60 


WRITE CYCLE (EARLY WRITE: 

















TC514256BP/BJ/BZ/BFT-60 


READ-MODIFY-WRITE CYCLE 













TC514256BP/BJ/BZ/BFT-60 


FAST PAPF. MODE READ CYCLE 










TC514256BP/BJ/BZ/BFT-60 









TC514256BP/BJ/BZ/BFT-60 


FAST PAGE MODE REAP.MODIFY-WRITE CYCLE 
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TC514256BP/BJ/BZ/BFT-60 


ESS ONLY REFRESH CYCLE 











TC514256BP/BJ/BZ/BFT-60 



63 












TC514256BP/BJ/BZ/BFT-60 


HIDDEN REFRESH CYCLE (WRITE; 






CS5 BEFORE E55 REFRESH COUNTER TEST CY 
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NOTES 








262,144 WORD x4 BIT DYNAMIC RAM PRELIMINARY 

DESCRIPTION 

The TC514256BPL/BJL/BZL/BFTL is the new generation dynamic RAM organized 262,144 words by 
4 bits. The TC514256BPL/BJL/BZL/BFTL utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. 

Multiplexed address inputs permit the TC514256BPL/BJL/BZL/BFTL to be packaged in a standard 20 
pin plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size 
provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 262,144 word by 4 bit organization 

• Fast access time and cycle time 



TC5I42S6BPL/8JL/B2UBFTL- 60 

tRAC kAS Access Time 

60ns 

tAA Column Address 
Access Time 

30ns 

tcAC CA5 Access Time 

20ns 

tRC Cycle Time 

110ns 

tpc Fast Page Mode 
Cycle Time 

40ns 


• Single power supply of 5V ± 10% 
with a built-in Vbb generator 


Low Power 

495mW MAX. Operating 
l.lmW MAX. Standby 

Outputs unlatched at cycle end allows two- 
dimensional chip sel ection 
Re^ -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, and Fast 
Page Mode Capability 
All inputs and outputs TTL Compatible 
512 refresh cycles/64ms 

Package TC514256BPL : DIP20-P-300B 

TC514256BJL : SOJ26-P-300 

TC514256BZL : ZIP20-P-400 

TC514256BFrL: TSOP24-P-0616 



PIN CONNECTION 


Plastic DIP 


Plastic SOJ 


Plastic ZIP 


1/01 q 
1/02 
wRite 
Ia3 [] 
N.C 
AO d 

Ai q 

A2 

A3 

vec d 


20b 


90 


80 


1 

1 

17 

16i 

1 

130 


Vss 

1/04 


1/01 
1/02 [ 
1/03 WRITE [ 


2P 


SO AS 
PA7 
A6 
AS 
pA4 



PIN NAMES 


A0~A8 

Address Inputs 

?iA5 

Row Address Strobe 

CaS 

Column Address Strobe 

Write 

Read/Write Input 

OE 

Output Enable 

/01-1/04 

Data Input/Output 

Vcc 

Power (+ 5V) 

Vss 

Ground 

N.C. 

No Connection 



1 


2 

1/03 

3 

1/04 

4 

Vss 

5 

1/01 

8 

1/02 

9 

WRite 

10 

ra5 

11 

N.C. 

12 


24 

A8 

23 

A7 

22 

A6 

21 

AS 

20 

A4 

17. 

Vcc 

IS¬ 

A3 

IS 

A2 

14 

AI 

13 

AO 
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TC514256BPL/BJL/BZL/BFTL-60 


BLOCK DIAGRAM 


1/01 1/02 1/03 1/04 

o o o o 



ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

-1-7 

V 

1 

Output Voltage 

VoUT 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 

V 

1 

Operating Temperature 

^OPR 

0-70 

•c 

1 

Storage Temperature 

Tstg 

-55-ISO 

•c 


Soldering Temperature • Time 

Tsoloer 

260-10 

*C • sec 

[umiii 

Power Dissipation 

Po 

600 

mW 

1 

Short Circuit Output Current 

■out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = O-yO^c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V.H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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TC514256BPL/BJL/BZL/BFTL-60 


DC ELECTRICAL CHARACTERISTICS (Vrr = 5Vt 10%. Ta = 0~70'c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAi, Address Cycling: tRc = tRc MIN.) 

TCS14256BPiyBJiy 

BZUBFTL-60 


90 

mA 

3, 4 

5 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 

(W = Ca5 = V|h) 


2 

mA 

■ 

ka 

ONLY REFRESH CURRENT 

Average Power Supply Current, RaS Only Mode 
(ftAS Cycling, CAS = V|h: tRc = tRc MIN.) 

TCS14256BPiyBJiy 

BZL/BFTL-eO 


90 

mA 

3. 5 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RA?*V,l, 2a 5, Address Cycling: tpc*tpc MIN.) 

TC514256BPL/BJL/ 

BZiyBFTL-60 


■ 60 

mA 

e 

■ccs 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5»C55aVcc-0.2V) 


200 

pA 

■ 

•CC6 

C55 BEFORE Ra5 refresh CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode(RA5, ZSS Cycling: tRc»tRc MIN.) 

TC514256BPL/BJU 

BZUBFTL-60 


90 

mA 

3 

'CC7 

BATTERY BACK UP CURRENT 

Avarage Power Supply Current, BATTERY BACK UP MODE 
(CAjaCAS Before Ra 5 Cycling or 0.2V, Cfs Vcc-0.2V, WRITE-Vcc- 
0.2V or 0.2V, A0~8 = Vcc-0.2V or 0.2V, l/O1~4 = Vcc-0.2V, 

0.2V or OPEN: tpc- 125p$, tRAS»t«AS MIN. ~lp5) 

1 

300 

pA 

1 

(1.) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVS V|mS 6.5V, All Other Pins Not Under Test-OV) 

-10 

10 

pA 

■ 

'o (U 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OVSVqutS ♦S.SV) 

-10 

10 

pA 

B 

VOH 

OUTPUT LEVEL 

Output *H* Level Voltage (Iqut ■ - 5mA) 

B 

B 

B 

B 

VoL 

OUTPUT LEVEL 

Output 'L* Level Voltage (Iout = 4.2mA) 

B 

B 

B 

B 
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TC514256BPL/BJL/BZL/BFTL-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%, Ta = 0~70“c) (Notes 7, 8, 9) 



TCS14256BPL/8JUBZL/BFTL-60 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write Cycle Time 


Access Time from RaS 


Access Time from OS 


Access Time from Column Address 


Access Time from cAS Precharge 


OaS to output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fail) 


RAS Precharge Time 


RaS Pulse Width 


RaS Pulse Width (Fast Page Mode) 


RaS Hold Time 


Ra 5 Hold Time From CAS Precharge (Fast Page Mode) 


CaS Hold Time 


CAS Pulse Width 


rAS to CAS Delay Time 


RaS to Column Address Delay Time 


Ca 5 to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced to RAS 


Column Address to RaS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time referenced to Ras 


Write Command Hold Time 


Write Command Hold Time referenced to Ra5 
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TC514256BPL/BJL/BZL/BFTL-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 



SYMBOL 

PARAMETER 

twf> 

Write Command Pulse Width 

tRWI. 

Write Command to RaS Lead Time 

^CWL 

Write Command to CaS Lead Time 

tos 

Data Set-Up Time 

Ldh 

Data Hold Time 

tOHR 

Data Hold Time referenced to RAi 

tREf 

Refresh Period 

^WCS 

Write Command Set-UP Time 

tcwo 

CAS to write Delay Time 

tRWD 

RaS to WRITE Delay Time 

tAWO 

Column Address to wRiTE Delay Time 

kpwo 

CA5 Precharge to WRITE Delay Time 

kSR 

CaS Set-Up Time 
(CaS before RAS Cycle) 

tCHR 

CaS Hold Time 
(CaS before RaS Cycle) 

Irpc 

RaS to CAS Precharge Time 

tCPT 

CAS Precharge Time (CaS before RAS Counter Test 

Cycle) 

Iron 

RAS Hold Time referenced to Cf 

tOEA 

CJF Access Time 

'OEO 

C? to Data Delay 

k)EZ 

Output buffer turn off Delay Time from ClF 

tOEH 

^ Command Hold Time 


CAPACITANCE (Vcc = 5V + 10%, f = 1M Hz, Ta = O-TO’c) 



SYMBOL 

PARAMETER 

Cm 

Input Capacitance (A0~A8) 

Cl2 

Input Capacitance (RAS, CaS, WRITE, Of) 

Co 

Input/Output Capacitance (l/01~l/0a) 
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TG514256BPL/BJL/BZL/BFTL-60 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings’’ may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss. 

3. Iccii IcC3t ICC4. ICC6 depend on cycle rate. 

4. Icci> ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS=Vil and CAS=Vih. 

6. tRAS(ni£ix.) = lps is only applied to refresh of battery-back up. 
tRAS(max.) = 10ps is applied to functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

8. AC measurements assume tT=5ns. 

9. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF (niax.) and toEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

12. Either tRCH or tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

14. twcSi tRWDi tCWD, tAWD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs^ twCS (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWD^lRWD (min.), tcwD^tCWD (min.) , tAWD^tAWD (min.) and tcpWD^tCPWD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 

15. Operation within thq tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

16. Operation within the tRAO (max.) limit insures that Irac (max.) can be met. 

tRAD (max.) is specified as a reference point only: If Irad is greater than the specified tRAO (max.) 
limit, then access time is controlled by tAA- 
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TC514256BPL/BJL/BZL/BFrL-60 


WRITE CYCLE (EARLY WRITE) 

tftC 








TC514256BPL/BJL/BZL/BFTL-60 | 


•WRITE CYCLE (Ug CONTROLLED WRITE’ 
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TC514256BPL/BJL/BZL/BFTL-60 


tRC 


M5 ONLY REFRESH CYCLE 
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TC514256BPL/BJL/BZL/BFTL-60 


HIDDEN REEFRESH CYCLE (WRITE) 




V|H 

Vi, 


tRC 




_ k&s _ 

1 Ur I I 


r _ 
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TENTATIVE DATA 

262,144 WORD x4 BIT DYNAMIC RAM 


DESCRIPTION 

The TC514256AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 bits. 
The TC514256AP/AJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC514256AP/AJ/AZ to be packaged in a standard 20 pin plastic 
DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System 
oriented features include single power supply of 5V±10% tolerance, direct interfacing capability with 
high performance logic families such as Schottky TTL. 


• Low Power 

440mW MAX. Operating 

(TC514256AP/AJ/AZ - 70) 

385mW MAX. Operating 

(TC514256AP/AJ/AZ -80) 

330mW MAX. Operating 

(TC514256AP/AJ/AZ -10) 

5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two- 
dimensional chip sel ectio n 

• Re^ -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, and Fast 
Page Mode capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 

• Package TC514256AP : DrP20-P-300B 

TC514256AJ : SOJ26-P-300 

TC514256AZ : ZIP20-P-400 


PIN CONNECTION (TOP VIEW) 


FEATURES 

• 262,144 word by 4 bit organization 

• Fast access time and cycle time 


T-n-ir«- 


TCS U256AP/AJ/AZ - 70 

/-BO/- 10 


PAit-Xc:.- :,- 'Utro 

70ns 

80ns 

100ns ■ 

tAA 

CoivJlV;.-. 11 fSS 

35ns 

40ns 

50ns 

^CAC 

CAS Acc^iSi rime 

20ns 

20ns 

25ns 

t>?c 

Cycle Time 

IBOns 

150ns 

180ns 

^?C 

Fast Pag;- M^de 
Cycle ‘urne 

40ns 

45ns 

55ns 


• Single power supply of 5V±10% 
with a built-in Vnn generator 


PIN NAMES 


A0~A8 

Address Inputs 

o 

T 

5 

Data Input/Output 

RM 

Row Address Strobe 

Vcc 

Power (5V) 

CAS 

Column Address Strobe 

Vss 

Ground 

WRITE 

Read/Write Input 

N.C. 

No Connection 

OE 

Output Enable 




Plastic DIP Plastic SOJ Plastic ZIP 
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BLOCK DIAGRAM 


l/Ol 


1/02 1/03 


1/04 



MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

V,N 

- 1~7 

V 

1 

Output Voltage 

VOUT 

- 1-7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

^OPR 

0-70 

*C 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature • Time 

"'’solder 

260-10 

'C • sec 

1 

Power Dissipation' 

■ 

Po 

600 

mW 

1 

Short Circuit Output Current 

'out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = O-TO^c) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V.H 

Input High Voltage 

2,4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V 1 10%. Ta = 0~70“c) 


SYMBOL 

CHARAaERISTlC 

MIN. 

MAX. 

UNIT 

NOTE 

kd 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc = tRc MIN.) 

TC514256AP/AJ/AZ-70 

- 

80 

mA 

■ 

TC5U256AP/AJ/A2-80 

- 

70 

TC5U256AP/AJ/A2-10 

- 

60 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RMsCS^sVih) 

■ 

2 

mA 

■ 

kC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(MS Cycling, C^ = V|h: tRc = tRC MIN.) 

TC514256AP/AJ/A2-70 

- 

80 

mA 

B 

TC5142S6AP/AJ/AZ-80 

- 

70 

TC5)4256AP/AJ/AZ-10 

- 

60 

kCA 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = ViL, CAS, Address Cycling: tpc = tpc MIN.) 

TC514256AP/AJ/AZ-70 

- 

60 

mA 

3, 4, 5 

TCS14256AP/AJ/AZ-80 

_ 

so 

TC514256AP/AJ/AZ-10 



Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = Vcc-0.2V) 

1 

■ 

mA 

1 

kce 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CAS Cycling: tRc = tRc MIN.) 

TC514256AP/AJ/AZ-70 

- 

80 

mA 

3 

TC514256AP/AJ/AZ-80 

- 

70 

TC514256AP/AJ/AZ-10 

- 

60 

ii«.) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V£V|nS 6.5V, All Other Pins Not Under Test = 0V) 

- 10 

10 

pA 

1 

lo (L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OVS Vqut^ 5.5V) 

- 10 

10 

pA 

B 

VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut = -5mA) 

D 

■ 

V 

B 

Vql 

OUTPUT LEVEL 

Output "L' Level Voltage (Iqut = 2mA) 

■ 

B 

B 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

{Vcc = 5V±10%, Ta = 0~70°c)(Notes 6, 7, 8) 


SYMBOL 

CHARACTERISTIC 

TC514256AP/ 

AJ/AZ-70 

TC514256AP/ 

AJ/AZ-80 

TC514256AP/ 

AJ/AZ-10 

UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

130 

- 

150 


180 

- . 

ns 


tRMW 

Read-Modify-Write Cycle Time 

185 

- 

205 

- 

245 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

40 

- 

45 

- 

55 

- 

ns 


tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

95 

- 

100 

- 

120 

- 

ns 


tRAC 

Access Time from Ra5 

- 

70 

- 

80 

- 

100 

ns 

9,14 

^CAC 

Access Time from CAS 

- 

20 

- 

20 

- 

25 

ns 

9,14 

^AA 

Access Time front Column Address 

- 

35 

- 

40 

- 

50 

ns 

9,15 

kPA 

Access Time from OaS Precharge 

- 

35 

- 

40 

- 

50 

ns 

9 

tCLZ 

CaS to output in Low-Z 

0 

- 

0 

_ 

0 

- 

ns 

9 

toPF 

Output Buffer, Turn-off Delay 

0 

20 

0 

20 

0 

20 

ns 

10 

tT 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

8 

^RP 

RAS Precharge Time 

50 

- 

60 

- 

70 

- 

ns 


tRAS 

RA? Pulse Width 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


^RSH 

RaS Hold Time 

20 

- 

20 


25 

- 

ns 


tRHCP 

RAS Hold Time From OaS Precharge 
(Fast Page Mode) 

35 

- 

40 

- 

50 

- 

ns 


kSH 

CAS Hold Time 

70 

- 

80 

- 

100 

- 

ns 


tCAS 

CM Pulse Width 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


IrCO 

RaS to CAS Delay Time 

20 

50 

20 

60 

25 

75 

ns 

14 

tRAD 

RaS to Column Address Delay Time 

15 

35 

15 

40 

20 

50 

ns 

15 

kRP 

CAS to RaS Precharge Time 

5 

- 

5 

- 

5 

- 

ns 


tcp 

CaS Precharge Time 

10 

- 

10 

- 

10 

- 

ns 


USR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tRAH 

Row Address Hold Time 

10 

- 

10 

- 

15 

- 

ns 


Use 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tCAH 

Column Address Hold Time 

15 

- 

15 

- 

20 

- 

ns 


tAR 

Column Address Hold Time referenced 
to RA5 

55 

- 

60 

- 

75 

- 

ns 


Iral 

Column Address to RaS Lead Time 

35 

- 

40 

- 

50 

- 

ns 


IrCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tRCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 

11 

Urh 

Read Command Hold Time referenced 
to ra5 

0 

- 

0 

- 

0 

- 

ns 

11 

twCH 

Write Command Hold Time 

15 

- 

15 

- 

20 

- 

ns 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

CHARAaERISTIC 

TC5142S6AP/ 

AJ/A2-70 

TCS14256AP/ 

AJ/AZ-80 

TC514256AP/ 

AJ/AZ-10 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twCR 

Write Command Hold Time referenced 

to RAS 

55 

- 

60 

- 

7S 

- 


twp 

Write Command Pulse Width 

tRWL 

Write Command to RAS Lead Time 

tCWL 

Write Command to CAS Lead Time 

fos 

Data Set-Up Time 

tOH 

Data Hold Time 

tOHR 

Data Hold Time referenced to RAS 

fREF 

Refresh Period 

fwcs 

Write Command Set-UP Time 

kwo 

CAS to WRITE Delay Time 

tRWD 

RAS to WRITE Delay Time 




Column Address to WRITE Delay Time 


CAS Precharge to WRITE Delay Time 


CAS Set-Up Time 
(Cas before RAS Cycle) 


CaS Hold Time 
(CAS before KAS Cycle) 


RAS to tAS Precharge Time 


OaS Precharge Time (CAS before Ra 5 
Counter Test Cycle) 



tROH 

RAS Hold Time referenced to OE 

10 

fOEA 

G1 Access Time 

- 

tOED 

OE to Data Delay 

20 

tOEZ 

Output buffer turn off Delay Time 
from OE 

0 

tOEH 

OE Command Hold Time 

20 




CAPACITANCE (Vrr = 5V ± 10%. f=1MH2, Ta = 0~70'’c) 


SYMBOL 

CHARACTERISTIC 

MIN. 

MAX. 

UNIT 

Q, 

Input Capacitance (A0~A8) 

- 

5 

PF 

C|2 

Input Capacitance (Ra 5, CAS, WRltE, 0?) 

- 

7 

PF 

Co 

Input/Output Capacitance (1/01—1/04) 

- 

7 

PF 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
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NOTES: 

1. Stresses greater than those listed under “Maximum Ratings” may cause permanent damage to the 
device. 

2. All voltages are referenced to Vss- 

3. Icci. IcC3i ICC 4 depend on cycle rate. 

4. Icci. IcC4. ICC6 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vil and CAS=Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vjh and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. top'F (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

11. Either tpcH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CaS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. tvvcSi tRWD. tcwD, tAWD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs—tWCS (niin.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWD—tRWD (min.), tcwD^ tcwD (min.) , tAWD^tAWD (min.) and tcpwD^tcpwD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 

14. Operation within' the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If Ircd is greater than the specified tRCD (max.) 
limit, then access time is controlled by tCAC< 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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WRITE CYCLE (EARLY WRITER 
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READ-MODIFY-WRITE CYCLE 
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rM only refresh cycle 


tRC 


I. 
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BEFORE RA5 refresh COUNTER TEST CYCLE 

































NOTES 




TENTATIVE DATA 

262,144 WORD x4 BIT DYNAMIC RAM 


DESCRIPTION 

The TC514256APL/AJL/AZL is the new generation dynamic RAM organized 262,144 words by 4 bits. 
The TC514256APL/AJL/AZL utilizes TOSKIBA’s CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514256APL/AJL/AZL to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system 
bit densities and is compatible with widely available automated testing and insertion equipment. 
System oriented features include single power supply of 5V± 10% tolerance direct interfacing capability 
with high performance logic families such as Schottky TTL. 


FEATURES 

• 262,144 word by 4 bit organization 

• Fast access time and cycle time 




tRAC 

RAS Access Time 

70ns 

80ns 

lOOns 

tAA 

Column Address 
Access Time 

35ns 

40ns 

50ns 

ICAC 

CAS Access Time 

20ns 

20ns 

25ns 

Irc 

Cycle Time 

130ns 

ISOns 

180ns 

tpc 

Fast Page Mode 
Cvcie Time 

40n$ 




• Single power supply of 5V±10% 
with a built-in Vub generator 

PIN NAMES 


A0~A8 

1 Address Inputs ! 

1/01-1/04 

Data Input/Output 


Row Address Strobe 

Vcc 

Power ( 5V) 

CA? 

Column Address Strobe 

Vss 

Ground 

wrITe 

Read/Write Input 

N.C. 

No Connection 

5? 

Outout Enable 




• Low Power 

440m\V MAX. Operating 

(TC514256APL/AJL/AZL-70) 
385mW MAX. Operating 

(TC514256APL/AJL/AZL-80) 
330mW MAX. Operating 

(TC514256APL/AJL/AZL -10) 
l.lmW MAX. Standby 

• Outputs unlatched at cycle end allows two- 
dimensional chip sel ection 

• Read -Modify-Write. CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, and Fast 
Page Mode Capability 

• All inputs and outputs TTL Compatible 

• 512 refresh cycles/64ms 

• Package TC514256APL : DIP20-P-300B 

TC514256AJL ; SOJ26-P-300 

TC514256AZL : ZIP20-P-400 


PIN CONNECTION (TOP VIEW) 


Plastic DIP Plastic SOJ Plastic ZIP 


CA5 

1/04 

1/01 

WIDT 

A1 

A3 

A4 

A6 

A8 


1/01 Q 
1/02 

W^Cj 

RAsq 

N.C. 

AO 

Alp 

A2 

A3 

VccP 


1 

p2 

3 

i 

3i 

10 


20 ] 

19] 


18P 

17 

16 

15p 

14] 

13D 

121 

11 


Vs5 

1/04 

1/03 

PCa5 

m 

A8 

A7 

A6 

pA5 

pA4 



1/04 

1/03 


lA8 

IA7 

lA6 

Ias 

IA4 


(51 

.1_] 


1/03 

11 


Vss 

5.J 


1/02 

7.2 

[a” 

Ra5 

SU 

AO 

.UJ 

[lY 

A2 

.Oj 

nv 

Vcc 

.ijj 

[iV 

AS 

&}j 

[iV 

A7 


'To' 
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BLOCK DIAGRAM 


V01 

o 


1/02 

O 


1/03 

O 


1/04 

O 


1 _t 


WRltgO 





DATA IN 


DATA OUT 

BUFFER 


BUFFER 




3 ^ 


COLUMN 

DECODER 


SENSE AMP 
I/O GATE 




‘tf- 512 -■ 


HI 1 

111 


ec 

^ 


§ o 

' 1 * 

MEMORY 

O O 
ec u 

512 

ARRAY 

Ul 

a 


512x512x4 


SUBSTRATE BIAS 
GENERATOR 


MAXIMUM RATINGS 


CHARAaERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

V,N 

- 1~7 

V 

1 

Output Voltage 

Vqut 

- 1-7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Topr 

o 

o 

•c 

1 

Storage Temperature 

"FstG 

-55-150 

•c 

1 

Soldering Temperature • Time 

"FsOLPfR 

260-10 

•C ■ sec 


Power Dissipation 

Pp. 

600 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta *0~70“c) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP, 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,L 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°c) 


SYMBOL 

CHARAOERISTIC 

MIN. 

MAX. 

UNIT 

NOTE 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS. Cas, Address Cycling: tRC = tRc MIN.) 

TC5^4256APL/AJL/A2L-70 

- 

80 

mA 

i 

TC5 M256APL/AJL/AZL-80 

_ 

70 

TC514256APLyAJL/AZL-10 


60 

kC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAI = CAS = Vih) 

1 

■ 

mA 

■ 

ICC3 

RAf ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
Cycling, eAS = ViH: tRc = tRc MIN.) 

TC514256APL/AJL'AZL-70 

- 

80 

mA 

■ 

TC5t4256APi;AJUA2L.80 

- 

70 

TC5t4256APUAJl2AZl.-10 

- 

60 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RaS = V|i_, tAi, Address Cycling; tpc = tpc MIN.) 

TC514256AP12AJL/AZL-70 

- 

60 

mA 

■ 

TC514256APL2AJ17A2L-80 

- 

50 

TC514256APL/AJUAZL-10 

- 

40 

kc5 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5 = Sa 5 = Vcc - 0.2V) 

■ 

200 

mA 

■ 

kc6 

Ca5 before ra5 refresh current 

Average Po'wer Supply Current, <!a 5 Before RAS 
ModefRA?, iA'S Cycling; tpc * tRC MIN.) 

TC514256APL/AJL/AZL-70 

- 

80 

mA 

■ 

TC5t4256APUAJi;AZL-80 

- 

70 

TC5I4256APL/AJL;AZL-I0 

- 

60 

kc7 

BATTERY SACK UP CURRENT 

Avarage Power Supply Current, BATTERY BACK UP MODE 

(CA5 = eA5 Before RA5 Cycling or 0.2V, = Vcc-0.2V, WRITE = Vcc - 

0.2V or 0.2V, A0~8 = Vcc-0.2V or 0.2V, 1/01-4 = Vcc-0.2V, 

0.2V or OPEN; tRc= 12Sps, Lras = Iras MIN. ~1p$) 

1 

300 

pA 

1 

(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVS V|fgS 6.5V, All Other Pins Not Under Te$t = 0V) 

- 10 

10 

pA 

■ 

lo (U 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OVSVqut^ *5.5V) 

-10 

10 

pA 

B 

B 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut = -SmA) 

B 

B 

B 

B 

B 

OUTPUT LEVEL 

Output 'L' Level Voltage (louT* 4.2mA) 

B 

HQnm 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%, Ta = 0~70“c) (Notes 1 , 8, 9) 


SYMBOL 

CHARACTERISTIC 


Random Read or Write Cycle Time 

tRMW 

Read-Modify-Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tPRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

tpAC 

Access Time from RAS 

'CAC 

Access Time from CAS 

^AA 

Access Time from Column Address 

kPA 

Access Time from CAS Precharge 

kiz 

CAS to output in Low-Z 

tOFP 

Output Buffer Turn-off Delay 

tr 

Transition Time (Rise and Fall) 

tpp 

RA5 Precharge Time 

tpAS 

RAS Pulse Width 

tPASP 

RAS Pulse Width (Fast Page Mode) 

tpSH 

RAS Hold Time 

tRHCP 

RAS Hold Time From £aS Precharge 
(Fast Page Mode) 

kSM 

CAS Hold Time 

tCAS 

CAS Pulse Width 

tRCD 

RAi to CaS Delay Time 

tpAO 

RaS to Column Address Delay Time 

tCRP 

CaS to RaS Precharge Time 

kP 

CAS Precharge Time 

^ASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

^ASC 

Column Address Set-Up Time 

kAH 

Column Address Hold Time 

^AR 

Column Address Hold Time referenced 
to raS 

tRAL 

Column Address to RaS Lead Time 

kcs 

Read Command Set-Up Time 

tRCH 

Read Command Hold Time 

tRRH 

Read Command Hold Time referenced 
to RA? 


TC514256APU 

AJL/AZt-70 


TC514256APLy 

AJiyAZL-aO 


TC5142S6APU 

AJL/AZL-10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 


SYMBOL 

CHARACTERISTIC 

twCH 

Write Command Hold Time 

twCR 

Write Command Hold Time referenced 

to ^ 

twP 

Write Command Pulse Width 

tpVVL 

Write Command to RAS Lead Time 

tCWL 

Write Command to CAS Lead Time 

tos 

Data Set-Up Time 

tOH 

Data Hold Time 

tOMR 

Data Hold Time referenced to RAS 

tREF 

Refresh Period 

^WCS 

Write Command Set-UP Time 

k'.VD 

£a? to WRITE Delay Time 

tRWO 

Ra 5 to WRITE Delay Time 

tAWO 

Column Address to WRITE Delay Time 

tcPWD 

CAS Precharge to WRITE Delay Time 

tCSR 

tAS Set-Up Time 
(CA? before RAS Cycle) 

■ 

CaS Hold Time 
(CAS before RAS Cycle) 

tRPC 

RaS to CAS Precharge Time 

tCPT 

CAS Precharge Time (CaS before RAS 
Counter Test Cycle) 

tROM 

RAS Hold Time referenced to 5F 

tOEA 

d? Access Time 

tOED 

5f to Data Delay 

klEZ 

Output buffer turn off Delay Time 
from d? 

^OEH 

d? Command Hold Time 


TCS142S6AP17 

AJL;A2L-70 



CAPACITANCE (Vrr = 5V ± 10%. f = 1MHz, Ta = 0~70'c) 


SYMBOL 

CHARAaERISTIC 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (A0~A8) 

- 

5 

PF 

Ci2 

Input Capacitance (RaS. CAS, WRiTE, dE) 

- 

7 

pF 

Co 

inpuUOutput Capacitance(l.'0l~l/04) 

- 

7 

pF 
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80 
TC514256APL/AJL/AZL-10 


NOTES; 

1. Stresses greater than those listed under "Maximum Ratings” may cause permanent damage to the 
device. 

2. All voltages are referenced to Vss- 

3. Icci. ICC3. ICC4 depend on cycle rate. 

4. IcCli ICC4. ICC6 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vil and CAS = Vjh. 

6. tRAs(niax.) = lps is only applied to refresh of battery-back up. 
tRAS (niax.) = lOps is applied to functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

8. AC measurements assume tT = 5ns. 

9. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vjh and Vjl. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF (roax.) and tOEZ (niax.) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

12. Either tRCH or tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CaS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

14. twcs. tRWDi tcwD, tAWD and tcpwD are not restrictive operating parameters. They axe included 
in the data sheet as electrical characteristics only. If twcS— twCS (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWD=tRWD (min.), tcwD^tcWD (min.) , Iawd^ tAWD (min.) and tcPWD^ tcPWD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell; If neither of the above sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only; If Ircd ‘s greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only; If Irad Is greater than the specified Irad (max.) 
limit, then access time is controlled by tAA. 
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READ CYCLE 
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READ-MODIFY-WRITE CYCLE 
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80 

TC514256APL/AJL/AZL-10 


FAST PAGE MODE RE AD-MODIFY-WRITE CYCLE 
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80 
TC514256APL/AJL/AZL-10 


Has only refresh cycle 



; “H* or "L 


Note: Write, 0E="H” or “L" 


BEFORE Has refresh CYCLE 
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IITDDEN REFRESH CYCLE (READ’ 
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UAg BEFORE Ra5 REFRESH COUNTER TEST CYCLE 
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262,144 WORD x4 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514258BP/BJ/BZ/BFT is the new generation dynamic RAM organized 262,144 words oy 4 bits. 

The TC514258BP/BJ/BZ/BFT utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC5i4258BP/BJ/BZ/BFT to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size 
provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 262,144 word by 4 bit organization 

• Fast access time and cycle time 




TC5U2S8BP/BJ/BZ/BFT- 60 

Irac 

RAS Access Time 

60ns 

tAA 

Column Address 
Access Time 

30ns 

tCAC 

Access Time 

20ns 

tRC 

Cycle Time 

110ns 

tsc 

Static column 

Mode Cycle Time 

3Sns 


• Single power supply of 5V ± 10% 
with a built-in Vbb generator 










Low Power 

495mW MAX. Operating 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows two- 

dimensional chip selection _ 

Re^ -Modify-Write, before RAS refresh, 
RAS-only refresh, Hid4en refresh, and Static 
Column Mode capability 
All inputs and outputs TTL compatible 
512 refresh cycles/8ms 

Package TC514258BP : DIP20-P-300B 

TC514258BJ : SOJ26-P-300 

TC514258BZ : ZrP20-P-400 

TC514258BFT ; TSOP24-P-0616 


PIN CONNECTION 


Plastic DIP 


Plastic SOJ 


Plastic ZIP 


1/01 

c 

1 


IVss 

t/Ol[ 

r- 

26 

]Vs5 

Sf 


1/02 

[ 

2 

19 

]l/04 

1/02 C 

2 

25 

]l/04 

1/03 

Tj 

wiiTTT 

C 

3 

18 

]l/03 

WRITE C 

3 

24 

]l/03 

Vss 

’5] 

■RaS 

C 

4 

17 

]C5 

JIa5[ 

4 

23 

]CS 

1/02 

Tj 

N.C. 

C 

5 

16 


N.C.C 

5 

22 

](3? 

Ka5 

:>] 

AO 

C 

6 

15 

]A8 

A0[ 

9 

18 

]A8 

AO 

;o] 

A1 

c 

7 

14 

]A7 

AlC 

10 

17 

]A7 

A2 

.u! 

A2 

c 

8 

13 

] A6 

A2[ 

11 

16 

]A6 

Vcc 

.ul 

A3 

c 

9 

12 

lAS 

A3C 

12 

15 

lAS 

AS 

.17] 

Vcc 

c 

10 

11 

]A4 

vccq 


14 

.... ^ 

]A4 

A7 

.151 


PIN NAMES 


A0-A8 

Address Inputs 

liA5 

Row Address Strobe 

K 

Chip Select 

WRITE 

Read/Write Input 

UE 

Output Enable 

1/01-1/04 

Data Input/Output 

Vcc 

Power (SV) 

Vss 

Ground 

N.C. 

No Connection 



1 

e? 

2 

1/03 

3 

1/04 

4 

Vss 

5 

1/01 

8 

1/02 

9 

write 

10 

RS5 

11 

N.C. 

12 

_ 


24 

A8 

23 

A7 

22 

A6 

21 

AS 

20 

A4 

17 

Vcc 

16 

A3 

15 

A2 

14 

A1 

13 

AO 
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BLOCK DIAGRAM 


1/01 

1/02 

1/03 

1/04 

o 

O 

t 

O 

J_ 

O 


Vtc Vss 

I I 


WRltSO- 


AOO-*» 
A1 O*- 
A2 0*- 
A3 0*- 
AAO*~ 
ASO*- 
A6 0-»- 
AlO*- 
A8 0-»- 








ki 




DATA IN 
BUFFER 

3 


N0.2 CLOCK 
GENERATOR 


COLUMN 
ADDRESS 
BUFFER (9) 


REFRESH 
COUNTER (9) 


ROW 
ADDRESS 
BUFFER (9) 

~r~ 


N0.1 CLOCK 
GENERATOR 


REFRESH 

CONTROLLER 






DATA OUT 
BUFFER 








COLUMN 

DECODER 


SENSE AMP 
I/O GATE 


512 

x4 




oe 


MEMORY 

5 o 


O O 
ae o 

SI 2 

ARRAY 

o 


512x512x4 


SUBSTRATE BIAS 
GENERATOR 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

- 1-7 

V 

1 

Output Voltage 

VOUT 

- 1-7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Topr 

O 

o 

'C 

1 

Storage Temperature 

T$tg 

-55-150 

•c 


Soldering Temperature'Time 

Tjouder 

260- 10 

*C • sec 

1 

Power Dissipation 

Po 

600 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = O-yO'c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V.L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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TC514258BP/BJ/BZ/BFT-60 


DC ELECTRICAL CHARACTERISTICS (VCC = 5V ± 10%. Ta = 0''70“c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, C5, Address Cycling: MIN.) 

TC514258BP/BJ/ 

BZ/BFT-60 


90 

mA 

1 

Icc 2 

STANDBY CURRENT 

Power Supply Standby Current 
(Sa? = CJsV,h) 


2 

mA 

1 

Icc3 

15a5 only refresh current 

Average Power Supply Current, Only Mode 

(Ra5 Cycling. CS.Vih: tRc*t(,c MIN.) 

TC514258BP/BJ/ 

BZ/BFT-60 


90 

mA 

B 

ICC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, STATIC COLUMN 

Mode() ia5 *C5».Vil, Address Cycling; tjc^tsc MIN.) 

TCS14258BP/BJ/ 

BZ/BFT-60 


70 

mA 

B 

■ 

STANDBY CURRENT 

Power Supply Standby Current 
(RS5=C5«=Vcc-0.2V) 


■ 

mA 

B 

■CC6 

C5 BEFORE Ra5 refresh CURRENT 

Average Power Supply Current, 25 Before fKS 

Mode (RAS, Cycling: tRc»tRC MIN.) 

TC5I4258BP/BJ/ 

BZ/BFT-60 


90 

mA 

B 

'l (t) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OVSVinSB.SV, All Other Pins Not Under Test«0V) 

-10 

10 

pA 

1 

•o (L) 

OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OVS VqutS 5.5V) 

- 10 

10 

pA 

B 

VOH 

OUTPUT LEVEL 

Output "H* Level Voltage (Iqut* -5mA) 

B 

B 

B 


VoL 

OUTPUT LEVEL 

Output 'L* Level Voltage (louT^^-iniA) 

H 

B 

B 

B 
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TC514258BP/BJ/BZ/BFT-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(VCC = 5V ± 10%, Ta = 0~70“c) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

'rc 

Random Read or Write Cycle Time 

tRMW 

Read-Modify-Write Cycle Time 

tsc 

Static Column Mode Cycle Time 

tSRMW 

Static Column Mode Read-Modify-Write Cycle Time 

tRAC 

Access Time from AAS 

kAC. 

Access Time from C5 

^AA 

Access Time from Column Address 

Ulw 

Access Time from Last Write 

ktz 

C5 to output in Low-2 

kFF 

Output Buffer Turn-off Delay 

^AOH 

Output Data Hold Time from Column Addres 

k)w 

Output Data Enable Time from WRITE 

tT 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

tRAS 

ftAS Pulse Width 

^RASC 

RAS Pulse Width (Static Column Mode) 

tRSM 

C5 to RAS Hold Time 

ksH 

RaS to Hold Time 

ks 

C5 Pulse Width 

ksc 

?I5 Pulse Width (Static Column Mode) 

kCD 

RaS to C5 Delay Time 

tRAO 

RaS to Column Address Delay Time 

kRP 

?5 to RaS Precharge Time 

tCP 

CS Precharge Time 

tASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

*ASC 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

tAWR 

Column Address Hold Time referenced to RaS (WRITE 
CYCLE) 

tAR 

Column Address Hold Time referenced to RaS (READ 
CYCLE) 

tRAL 

Column Address to RA'S Lead Time 

tAH 

Column Address Hold Time referenced to RaS Rise 

tlWAO 

Last Write to Column Address Delay Time 

Uhlw 

Last Write to Column Address Delay Time 

tRCS 

Read Command Set-up Time referenced to 


TC5142588P/8J/BZ/BFr.60 
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TC514258BP/BJ/BZ/BFT-60 



TC5142583P/BJ/BZ/BfT-60 


Read Command Hold Time referenced to 


Read Command Hold Time referenced to RAi 


Write Command Hold Time 
(Output Data Disable) 


Write Command Hold Time referenced to ftAS 


Write Command Pulse Width 


Write Command Inactive Time 


Write Command to RA$ Lead Time 


Write Command to IS Lead Time 


Data-In Set-Up Time 


Data-In Hold Time 


Data-In Hold Time referenced to RAS 


Refresh Period 


Write Command Set-UP Time 
(Output Data Disable) 


C5 to WRlt£ Delay Time 
(READ-MODIFY-WRITE CYCLE) 


RAS to wRiTE Delay Time 
(READ-MODIFY-WRITE Cycle) 


Column Address to vVRIYE Delay Time 


Set-Up Time(2I5 before RaS) 


C? Hold Time(C? before RAS) 


RaS to 25 Precharge Time 


25 Precharge Time (25 before RAS Counter Test Cycle) 


RaS Hold Time referenced to 25? 


C? Access Time 


SI to Data Delay 


Output Buffer turn off Delay Time from 25? 


0? Command Hold Time 



CAPACITANCE (VCC = 5V ± 10%. f=1MHz, Ta = 0~70'’c) 


SYMBOL 

parameter 

MIN. 

MAX. 

UNIT 

C,i 

Input Capacitance (A0~A8) 

- 

5 

pF 

Cl2 

Input Capacitance (RaS, 25, WRITE, 25?) 

- 

7 

pF 

Co 

Input/Output Capacitance (l/01~l/04) 

- 

7 

pF 
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TC514258BP/BJ/BZ/BFT-60 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss. 

3. Icci. ICC3. ICC 4 . ICC6 depend on cycle rate. 

4. Iccii ^CC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS=Vil. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT = 5ns. 

8. VjH (min.) and ViLimax.) are reference levels for measuring timing of input signals. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and tOEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH or tURH must be satisfied for a read cycle. 

12. These parameters are referenced to CS leading edge in early write cycles and to WlUTIS leading 
edge in Read-Modify-Write cycles. 

13. twcs. tRWDi tCWD and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs^^WCS(niin.), the cycle is an early write cycle 
and the data out pin will remain open circuit (high impedance) through the entire cycle; If 
tRWD^ fRWD (min.), tcwD^tCWD (min.) and tAWD^ tAWD (min.) the cycle is a Read-Modify-Write 
cycle and the data out will contain data read from the selected cell: If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCO is greater than the specified tRCO (max.) 
limit, then access time is controlled by tCAC- 

15. Operation within the Iraq (max.) limit insures that tRAC (>nax.) can bs met. 

tRAO (max.) i.s specified as a reference point only: If tRAD is greater than the specified tRAO (max.) 
limit, then access time is controlled by tAA- 

16. Operation within the ttWAD (max.) limit insures that tALW (max.) can be met. 

tLWAD (max.) is specified as a reference point only: If tRAD is greater than the specified tj.wAD 
(max.) limit, then access time is controlled by tAA- 

17. tAM is the condition to latch column address when RAS has risen up. 
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READ CYCLE 



WRITE CYCLE (EARLY WRITE 
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WRITE CYCLE (HE CONTROLLED WRITE’ 
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 
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STATIC COLUMN MODE READ/WRITE NnXED CYCLE 
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TENTATIVE DATA 

262,144 WORD x4 BIT DYNAMIC RAM 


DESCRIPTION 

The TC514258AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 bits. 
The TC514258AP/AJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC514258AP/AJ/AZ to be packaged in a standard 20 pin plastic 
DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System 
oriented features include single power supply of 5V±10% tolerance, direct interfacing capability with 
high performance logic families such as Schottky TTL. 


FEATURES 


• 262,144 word by 4 bit organization 

• Fast access time and cycle time 




TC514258AP/AJ/AZ-70/-80/- 10 ; 

tRAC 

RAS Access Time 

70ns 

80n$ 

lOOns 

tAA 

Column Address 
Access Time 

35n$ 

40ns 

50ns 

tCAC 

CS Access Time 

25ns 

2Sns 

30ns 

Xrc 

Cycle Time 

130ns 

150ns 

180ns 

tsc 

Static column 

Mode Cycle Time 

40n5 

45ns 

5Sns 


• Single power supply of 5V±10% 
with a built-in Vbb generator 

PIN NAMES 


CO 

< 

o 

< 

Address Inputs 

1/01-1/04 

Data Input/Output 

RA5 

Row Address Strobe 

Vcc 

Power (+ 5V) 

55 

Chip Select 

Vss 

Ground 

writ! 

Read/Write Input 

N.C. 

No Connection 

51' 

Output Enable 




• Low Power 

440mW MAX. Operating 

(TC514258AP/AJ/AZ - 70) 

385mW MAX. Operating 

(TC514258AP/AJ/AZ - 80) 

330mW MAX. Operating 

(TC514258AP/AJ/AZ -10) 

5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two- 
dimensional chip selection 

• Re^ -Modify-Write, C§ before RAS refresh, 
RAS-only refresh. Hidden refresh, and Static 
Column Mode capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 

• Package TC514258AP : DIP20-P-300B 

TC514258AJ : SOJ26-P-300 

TC514258AZ : ZIP20-P-400 


PIN CONNECTION (TOP VIEW) 


Plastic DIP 


Plastic SOJ Plastic ZIP 


l/OlQ 

1/0 2 

WIiTEd 

Ra5Q 

N.C. 

AOp 

A1 

A2 

A3 

VccO 


U2 19p 


P9 


200 


3 

4 

Ps 
[6 
C7 

[8 13p 


18p 

17! 

161 

1 

14 

1 

1 

11 


Vss 

1/04 

1/03 

dC5 

m 

A8 

pA7 

A6 

AS 

pA4 


sb 


2D 


l/Olt 

1 

26 1 

1/021 

2 

25 

W'ftiTEI 

3 

24 


4 

23 

‘N.Cl 

5 

22 J 

A0[ 

9 

18 ] 

All 

10 

17 

A2l 

11 

16 

A3I 

12 

15 

VccE 

13 

14 J 


uh\ 

1/03 

51 


A8 

A7 

A6 

AS 

A4 


5E 


— 

J.J 

■2’‘ 

1/03 

XJ 


Vss 

XJ 

[6" 

1/02 

7.J 

&" 

llAf 



AO 

.1.1J 

[ 12 ' 

A2 

.ijj 

[iV 

Vcc 

.lij 

[iV 

A5 

.i}j 

[iV 

A7 

.15J 

[ 20 ' 


55 

1/04 

1/01 

ww 

A1 

A3 

A4 

A6 

AB 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 


BLOCK DIAGRAM 
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N0.1 CLOCK 
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1/04 
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REFRESH 
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OC 
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Ui 

$ a 

* : * 

MEMORY 

6 o 

cc \J 

512 

ARRAY 



512x512x4 

D 



SUBSTRATE BIAS 
GENERATOR 


MAXIMUM RATINGS 


CHARACTERISTIC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

V,N 

- 1-7 

V 


Output Voltage 

Vqut 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

•c 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature • Time 

TsotOtR 

260-10 

•C • sec 

1 

Power Dissipation 

Pp 

600 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED PC OPERATING CONDITIONS (Ta = O-yO^c) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4,5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

24 

- 

6.5 

V 

2 

V,L 

Input Low Voltage 

- 1,0 

- 

0.8 

V 

2 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 

TC514258AP/AJ/AZ-10 


DC ELECTRICAL CHARACTERISTICS (VCC = 5V ± 10%, Ta = 0~70“c) 


SYMBOL 

CHARAaERISTIC 

MIN. 

MAX. 

UNIT 

NOTE 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RA?, S, Address Cycling: tRc^^Rc MIN.) 

TC514258AP/AJ/AZ-70 

_ 

80 

mA 

■ 

TC514258AP/AJ/A2-80 

- 

70 

TCS14258AP/AjrAZ-10 

- 

60 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 

{R73=c5=V|h) 

■ 

2 

mA 

■ 

1CC3 

ONLY REfRESH CURRENT 

Average Power Supply Current, FiAS Only Mode 
(RA5 Cycling, S = Vih: tRc»tRc MIN.) 

TC5142S8AP/AJ/AZ-70 

_ 

80 

mA 

■ 

TC5142S8AP/AJ/AZ-80 

_ 

70 

TC514258AP/AJ/A2-10 

- 

60 

kcA 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, STATIC COLUMN 

Mode (RAS = = V|L, Address Cycling; tsc = tsc MIN.) 

TC514258APrAJ/A2-70 


60 

mA 

B 

TC514258AP/AJ/AZ-80 

_ 

so 

TC514258AP/AJ/AZ-10 

- 

40 

'CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = eS = Vcc-0.2V) 

■ 

■ 

mA 

1 

ICC6 

C? BEFORE RA5 REFRESH CURRENT 

Average Power Supply Current, CS Before RAS 

Mode (RAS, 3 Cycling; tRc = fRC MIN.) 

TCS14258AP/AJ/AZ-70 


80 

mA 

3 

TC5)4258AP/AJ/AZ-80 

- 

70 

TC514258AP/AJ/A2-10 

- 

60 

(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OVSVinSB.SV, All Other Pins Not Under TestsOV) 

- 10 

10 

pA 

1 

•O (L) 

OUTPUT LEAKAGE CURRENT 

(OouT is disabled, OVS Vout^ S.5V) 

-10 

10 

pA 

B 

VoH 

OUTPUT LE.VEL 

Output "H* Level Voltage (Iqut = - SmA) 

D 

■ 

B 

B 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

■ 

P 

B 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 



TCS14258AP/ 

AJ/AZ-70 

TC5142S8AP/ 

AJ/AZ-80 

TC514258AP/ 

AJ/AZ-10 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(VCC = 5V + 10%, Ta = 0~70°c) (Notes 6, 7, 8) 


CHARACTERISTIC 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Static Column Mode Cycle Time 


Static Column Mode Read-Modify-Write 
Cycle Time 


Access Time from ftAi 


Access Time from 


Access Time from Column Address 


Access Time from Last Write 


CS to output in Low-Z 


Output Buffer Turn-off Delay 


Output Data Hold Time from Column 
Address 


Output Data Enable Time from WRITE 


Transition Time (Rise and Fall) 


RAS Precharge Time 


Ra 5 Pulse Width 


ra 5 Pulse Width (Static Column Mode) 


C5 to RAS Hold Time 


Ra 5 to Hold Time 


Pulse Width 


C5 Pulse Width (Static Column Mode) 


RaS to 25 Delay Time 


Ra 5 to Column Address Delay Time 


25 to Ra 5 Precharge Time 


25 Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Addrets Hold Time referenced 
to Ra5 (WRITE CYCLE) 


Column Address Hold Time referenced 
to Ra5 (READ CYCLE) 


Column Address to 'RSS Lead Time 


Column Address Hold Time referenced 
to K55 Rise 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 

TC514258AP/AJ/AZ-10 


SYMBOL 

CHARACTERISTIC 

tlWAO 

Last Write to Column Address Delay 

Time 

^AHLW 

Last Write to Column Address Hold 

Time 

^RCS 

Read Command Set-up Time referenced 

to CS 

tRCH 

Read Command Hold Time referenced 
to C5 

Lrrh 

Read Command Hold Time referenced 

to ra5 

^WCH 

Write Command Hold Time 

(Output Data Disable) 

twCR 

Write Command Hold Time referenced 

to RaS 

twp 

Write Command Pulse Width 

twi 

Write Command Inactive Time 

tPWL 

Write Command to RA5 Lead Time 

'CWL 

Write Command to ^ Lead Time 

^DS 

Data-In Set-Up Time 

tOH 

Data-In Hold Time 

tOHR 

Data-In Hold Time referenced to RAS 

Iref 

Refresh Period 

twcs 

Write Command Set-UP Time 

(Output Data Disable) 

^CWD 

C? to write Delay Time 
(READ-MODIFY-WRITE CYCLE) 

Lrwd 

RAS to write Delay Time 
(READ-MODIFY-WRITE CYCLE) 

tAWD 

Column Address to WRITE Delay Time 

kSR 

C5 Set-Up Time(C§ before RAS) 

kHR 

CS Hold Time(E5 before RAS) 

tRPC 

RAS to C5 Precharge Time 

kPT 

CS Precharge Time (C5 before Ra 5 
Counter Test Cycle) 

koH 

RAS Hold Time referenced to SE 

kEA 

SI Access Time 

lOED 

5E to Data Delay 

kEZ 

Output Buffer turn off Delay Time from 

Of 

kEH 

5f Command Hold Time 


TC514258AP/ 

AJ/AZ-70 

TC514258AP/ 

AJ/A2-80 

TC514258AP/ 
AJ/AZ-10 ' 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

20 

30 

20 

35 

25 

45 


UNIT NOTE 
























































































































































TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 


CAPACITANCE (VCC = 5V110%. Ta = 0-70“c) 


SYMBOL 

CHARAaERISTIC 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (A0~A8) 

- 

5 

PF 

C,2 

Input Capacitance (RA5, 2?, WRITE, ?5f) 

- 

7 

pF 

Co 

Input/Output Capacitance (l/0l~l/04) 

- 

7 

pF 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 

TC514258AP/AJ/AZ-10 


NOTES: 

1. Stresses greater than those listed under “Maximum Ratings” may cause permanent damage to the 
device. 

2. All voltages are referenced to Vss- 

3. Icci. Icc3. ICC 4 > Icc6 depend on cycle rate. 

4. IcCl. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS=Vil. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 U5 before RAS 
initialization cycles instead of 8 RaS cycles are required. 

7. AC measurements assume tT = 5ns. 

8. Yih (min.) and Vil (max.) are reference levels for measuring timing of input signals. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

11. Either tRCII or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CS leading edge in early write cycles and to WRITfi leading 
edge in Rcad-Modify-Write cycles. 

13. twCS. tRwu. tcWD and tAWD are not restrictive operating parameters. They are included in the 

data sheet as electrical characteristics only. If twcs—twcs (min.), the cycle is an early write cycle 

and the data out pin will remain open circuit (high impedance) through the entire cycle; If 
tRWD^tRWD (min.), tcwD^ tcwD (min.) and tAWD—tAWD (min.) the cycle is a Read-Modify-Write 
cycle and the data out will contain data read from the selected cell: If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD(max.)is specified as a reference point only: If Ircd is greater than the specified tRColmax.) 
limit, then access time is controlled by tCAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA< 

16. Operation within the tcWAD (max.) limit insures that tAL.W (max.) can be met. 

tLWAD (max.) is specified as a reference point only: If tRAD is greater than the specified ttWAD 
(max.) limit, then access time is controlled by tAA- 

1'7- tAH is the condition to latch column address when RAS has risen up. 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 


TC514258AP/AJ/AZ-10 







































TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 

TC514258AP/AJ/A2-10 


STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 


RAS 

V|H 

A0~A8 

V|H 


CS 

V|H 

V.L 


VlH 

V'TrTTe 

V|L 

m 

V|H 

'/lL 

I/O 1~ 1/04 

V|H 

V|L 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 

TC514258AP/AJ/AZ-10 


STATIC COLUMN MODE READAVRITE MIXED CYCLE 
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NOTES 


262,144 WORD x 4 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514266BP/BJ/BZ/BFT is the new generation dynamic RAM organized 262,144 words by 4 bits. 

The TC514266BP/BJ/BZ/BFT utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514266BP/BJ/BZ/BFT to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic ‘^OP. The package size 
provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance, 
direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 262,144 word by 4 bit organization 

• Fast access time and cycle time 



TC514266BP/8J/8Z/BFT - 60 

tFiAC kAS Access Time 

60ns 

tAA Column Address 
Access Time 

30n$ 

tcAC SaJ Access Time 

20ns 

tRC Cycle Time . 

110ns 

tpc Fast Page Mode 
Cycle Time 

40ns 


« 






Single power supply of 5V±10% 
with a built-in Vbb generator 
Low Power 

495mW MAX. Operating 
5.5mW MAX. Stand by 

Outputs unlatched at cycle end allows two- 
dimensional chip sel ^tion ___ 

Re^ -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Write per 
Bit and Fast Page Mode capability 
All inputs and outputs TTL Compatible 
512 refresh cycles/8ms 

Package TC514266BP : DIP20-P.300B 

TC514266BJ : SOJ26-P.300 

TC514266BZ : ZIP20-P.400 

TC514266BFT : TSOP24-r-0616 


PIN CONNECTION 


PIN NAMES 


Plastic DIP 


Plastic SOJ 


W1/I01 

W2/I02 

wS/WE 

Ra5 

N.C 

AO 

A1 

A2 

A3 

Vcc 


1 

2 

3 

4 

s 

6 

a 7 
8 
9 

10 


20P 


19p 

18p 

17 

16 

15p 

14] 

13] 

12 ] 


Vss 

W4/I04 

W3/I03 

pC53 

psr- 

A8 

A7 

A6 

AS 

pA4 


W1/I01 ^ 
W2/I02C 2 
W§/WE[ 3 
Ia5C 4 
N,C.C 5 


26 ]V 5 s 

25]W4/I04 


24p W3/I03 


]CAf 

]?5f 


AOC 

AlC 

A2C 

A3C 

VccC 


9 

10 
11 
12 
13 


18]A8 

17]A7 

16]A6 

15]AS 

14]A4 


Plastic ZIP 


W3/I03 il] 
Vss 

W2/I02; j] 

rat ;5] 
AO Ti] 
A2 iy] 
Vcc 
AS 17] 
A7 :i>] 


[?; ca5 

[4. W4/I04 

wi/101 
Cs! W5/WE 


i 

[’A 


A1 

A3 

A4 

A6 

A8 


A0-A8 

Address Inputs 

llA? 

Row Address Strobe 

C5 

Chip Select 

wff/WE 

Write Per BiVRead/Write Inpi 

m 

Output Enable 

W1/I01~W4/I04 

Write Select/Date Input/Outp 

Vcc 

Power ( + 5V) 

Vss 

Ground 

N.C. 

No Connection 


5E 

1 

CSJ 

2 

W3/I03 

3 

W4/I04 

4 

Vss 

s 

WI/101 

8 

W2/I02 

9 

wO/wg 

10 

RSI 

11 

N.C. 

12 


24 

A8 

23 

A7 

22 

A6 

21 

AS 

20 

A4 

17 

Vcc 

16 

A3 

IS 

A2 

14 

A1 

13 

AO 
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TC514266BP/BJ/BZ/BFT-60 


SLOCK DIAGRAM 


WS/WEO 


CS5< 


AOO*' 
A1 O*- 
A2 0+- 
A3CV*- 
A4 0*- 
A5 0*- 
A6 0+- 
A7 0*- 
A8 0*- 






Vcc Vss 


£ 


N0.2 CLOCK 
GENERATOR 


X 


COLUMN 
ADDRESS 
BUFFER (8) 


ROW 
ADDRESS 
BUFFER (9) 

~T~ 


N0.1 CLOCK 
GENERATOR 


W1/I01 W2/102W3/103 W4/104 


i_L 




DATA IN 
BUFFER 

3 


REFRESH 

CONTROLLER 

zzxzz 


Q 


REFRESH 
COUNTER (9) 




DATA OUT 
BUFFER 

1 








COLUMN 

DECODER 


SENSE AMP 
I/O GATE 


512 
*X4 ■ 




oc 



$ Q 

^ 1 ^ 

MEMORY 

O O 

512 

ARRAY 

Q 

::±:: 

512x512x4 


SUBSTRATE BIAS 
GENERATOR 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V|N 

- 1-7 

V 

1 

Output Voltage 

VoOT 

- 1-7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

•c 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature-Time 

Tsoloer 

260-10 

'C • sec 

1 

Power Dissipation 

Po 

600 

mW 

1 

Short Circuit Output Current 

loUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70“c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4,5 

5.0 

5.5 

V 


V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

HBHI' 

V|L 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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TC514266BP/BJ/BZ/BFT-60 


DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%. Ta = 0-70“c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tec*t«c M'N.) 

TCS14266BP/BJ/ 

BZ/BFT-60 

■ 

90 

mA 

B 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(^=Ca5xVih) 

■ 

■ 

mA 

1 

'CO 

Ra5 only refresh current 

Average Power Supply Current, RaS Only Mode 
(RAS Cycling, CaS* V(h: tncxtRc MIN.) 

TCS14266BP/BJ/ 

BZ/BFT-60 

■ 

90 

mA 

B 

'CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS X Vii., CaS, Address Cycling: tpc = tpc MIN.) 

TC514266BP/BJ/ 

BZ/BFT-60 

■ 

' 60 

mA 

B 

B 

STANDBY CURRENT 

Power Supply Standby Current 

X CS?x Vcc - 0.2V) 

■ 

H 

mA 

B 

'CC6 

Ca? before Ra5 refresh CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CaS Cycling: tuc^tec MIN.) 

TCS14266BP/BJ/ 

BZ/BFT-60 

■ 

90 

m.A 

B 

l| <L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVS V|nS 6.5V, All Other Pins not under TestxOV) 

- 10 

10 

pA 

1 

B 

OUTPUT LEAKAGE CURRENT 

(OouT is disabled, 0V5 Vqut^ 5.5V) 

- 10 

10 

pA 

B 

VOH 

OUTPUT LEVEL 

Output "H' Level Voltage (Iqut* -5mA) 

B 

B 

B 

B 

VoL 

OUTPUT LEVEL 

Output "L' Level Voltage (Iqut* ^.ZrriA) 

B 

B 

B 

B 
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TC514266BP/BJ/BZ/BFT-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V,±10%. Ta = 0~70*c)(Notes 6, 7, 8) 



TC514266BP/BJ/8:/BFT-60 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write Cycle Time 


Access Time from RAS 


Access Time from CaS 


Access Time from Column Address 


Access Time from CaS Precharge 


Ca 5 to output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


15a 5 Pulse Width 


Ra 4 Pulse Width (Fast Page Mode) 


RaS Hold Time 


RaS Hold Time From Ca'S Precharge (Fast Page Mode) 


CAS Hold Time 


^ Pulse Width 


RAS to CAS Delay Time 


RAS to Column Address Delay Time 


CAS to RAS Precharge Time 


CAS Precharge Time (Fast Page Mode) 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Colymn Address Hold Time referenced to Ra4 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


.Read Command Hold Time referenced to RaS 


Write Command Hold Time 


Write Command Hold Time referenced to RAS 


Write Command Pulse Width 
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TC514266BP/BJ/BZ/BFT-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 


Write Command to ftA'S Lead Time 

ICWL 

Write Command to C55 Lead Time 

tos 

Data Set-Up Time 

tOH 

Data Hold Time 

tOHR 

Data Hold Time referenced to IW'S 

tR6F 

Refresh Period 

twcs 

Write Command Set-UP Time 

kWD 

CAS to WE Delay Time 

tRWO 

RAS to WE Delay Time 

tAWO 

Column Address to W? Delay Time 

tCRWO 

CaS Preeharge to WRITE Delay Time 

tCSR 

CaS Set-Up Time 
(CAi before Ra'S Cycle) 

tCHR 

Ca 5 Hold Time 
(CA5 before RA5 Cycle) 

<RPC 

RaS to CaS Precharge Time 

tCPT 

CAS Precharge Time 

(CaS before RaS Counter Test Cycle) 

tROH 

RAS Hold Time referenced to UE 

tOEA 

OE Access Time 

tOEO 

OE to Data Delay 

'OEZ 

Output buffer turn off Delay Time from SE 

tOEH 

OE Command Hold Time 

'W8S 

Write Per Bit Set-Up Time 

tWBH 

Write Per Bit Hold Time 

twos 

Write Per Bit Selection Set-Up Time 

twOH 

Write Per Bit Selection Hold Time 


TC514266BP/8J/BZ/BfT-60 


CAPACITANCE (Vrr = 5V ± 10%. f= 1MHz, Ta = 0~70“c) 



SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C„ 

Input Capacitance (A0~A8) 

- 

S 

pF 

Cij 

Input Capacitance (AaS, CaS, wB/WE. 5E) 

- 

7 

PP 

Co 

Input/Output Capacitance (Wt/l01~W4/l04) 

- 

7 

pF 
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TC514266BP/BJ/BZ/BFT-60 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings’* may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci> IcC3i fcC 4 . ICC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RaS=Vil and CaS=Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 HAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CaS before ilAS 
initialization cycles instead of 8 HAS cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH (min.) and Vil (max.) are reference levels for measuring timing of'input signals. Also, 
transition times are measured between Vjh and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (niax.) and toEZ(niax.) defines the time at which the output achieves the open circuit condition 
and is not referenced to output voltage levels. 

11. Either tRCH or tRRH naust be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WfiAVE leading 
edge in Read-Modify-Write cycles. 

13. tvves. tRWD. tewD, tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs^ twcS (niin.), tbe cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; If tRWD^ tRWO (min.), tewD^ tewD (min.) , tAWD^ tAWD (min.) and tcPWD^ tcPWD (min.) 
(Fast Page Mode), the cycle is a Read-Write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD(max.) is specified as a reference point only: If tRCD is greater than the specified tRCD(max.) 
limit, then access time is controlled by tCAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD(max.)is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by Iaa- 
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FAST PAGE MODE READ CYCLE 



FAST PAGE MODE WRITE CYCLE 
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Note: WRITE, UE=:“H" or "L" 
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APPLICATION INFORMATION 
ADDRESSING 

The 18 address bits required to decode 1 of the 262, 144 cell locations within the TC514266BP/BJ/BZ/BFT 
are multiplexed onto the 9 address inputs and latched into the on-chip address latches by externally applying 
two negative goingTTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 9 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into the chip. Each 
of these signals, RAS, and CaS, triggers a sequence of events which are controlled by different delayed 
internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation is 
done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The “gated 
CaS” feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (tRAH) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

DATA INPUTS 

Write Cycle. A write cycle is performed by bringing (WB / )WE low during the RAS/CAS operation. The 
falling edge of CAS or (WB / )Wfi strobes data on (Wi) lOi into the on-chip data latch. To make use of the 
write-per-bit capability WB( / WE) must be low as RAS falls. In this case data bits to which the write 
operation is applied can be specified by keeping Wi (/ lOi) high with set-up and hold times referenced to the 
RAS negative transition. 

For those data bits of Wi (/lOi) that are kept low as RAS tails the write operation is inhibited on the chip if 
WB( / WE) is high as RAS falls, the write-per-bit capability does not work and the write operation is 
performed for all four data bits. 

DATA OUTPUTS 

The three-state output buffers provide direct TTL compatibility with a fan-out of two standard TTL loads. 
Data-out is the same polarity as data-in. The outputs are in the high-impedance state until CAS is brought 
low. In a read cycle the outputs go active after the access time interval tRAC and toBA are satisfied. 

The outputs become valied after the access time has elapsed and remains valied while CAS and CE are low. 
CAS or CE going high returns it to a high impedance state. In an early-write cycle, the outputs are always in 
the high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence 
for the read cycle. 

The UE controls the impedance of the output buffers. In the logic high position the buffers will remain in a 
high impedance state. 

When the CE input is brought to a logical low level, the output buffer are enabled. Both CAS and CE can 
control the output. Thus in a read operation, either OE or CAS returning high forces the outputs into the high 
impedance state. 
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RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 row 
address (AO~A8) within each 8 millisecond time interval. 

Although any no,nnal memory cycle will perform the refresh operation, this function is most easily 
accomplished with “RAS-only" cycles, KXS only refresh results in a substantial reduction in operating power. 
This reduction in power is reflected in the IcC3 specification. 

^BEFORE ^REFRESH 

CAS before RaS refreshing available on the TC514266BP/BJ/BZ/BFT offers an alternate refresh method. If 
CAS is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh control clock 
generators and the refresh address counter are enabled, and an internal refresh operation takes place. After 
the refresh operation is performed, the refresh address counter is automatically incremented in preparation 
for the next CAS before RAS refresh operation. 

PAGE MODE 

The ‘Tage-Mode’’ feature of the TC514266BP/BJ/B27BFT allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. This is 
done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 throughout all 
successive memory cycles in which the row address is common. This ‘Tage-Mode” of operation will not 
dissipate the power associated with the negative going edge of RAS. Also, the time required for strobing in a 
new address is eliminated, thereby decreasing the access and cycle times. 

HIDDEN REFRESH 

An optional feature of the TC514266BP/BJ/BZ/BFT is that refresh cycles may be performed while 
maintaining valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is performed 
by holding CAS at Vil and taking RAS high and after a specified precharge period (tRp), executing a CAS 
before RAS refresh cycle, (see Figure below) 



MEMORY CYCLE 

REFRESH CYCLE 

REFRESH CYCLE 





R5? 



V / 





CS5 

\ 

r 






VALID DATA-OUT 

\ 

W1/I01-W4/I04 0^ 

cN \ 

r 






This feature allows a refresh cycle to be “Hidden" among data cycles without affecting the data availability. 
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BEFORE REFRESH COUNTER TEST 

The internal refresh operation of TC514266BP/BJ/BZ/BFT can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READAVRITE operation taking the internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

® Write "0" into all the memory cells at normal write mode. 

® Select one certain column address and read "O” out and write “1” in each cell by performing CAS 
BEFORE RAS REFRESH COUNTER TEST {READ-WRITE CYCLE). Repeat this operation 512 times. 
(D Check “1” out of 512 bits at normal read mode, which was written at (D . 

0 Using the same column as ®, read “1" out and write “0” in each cell performing CAS BEFORE RAS 
REFRESH COUNTER TEST. Repeat this operation 512 times. 

® Check “0” out of 512 bits at normal read mode, which was written at 0 . 

® Perform the above 0 to 0 to the complement data. 
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TENTATIVE DATA 

262,144 WORD x 4 BIT DYNAMIC RAM 


DESCRIPTION 

The TC514266AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 bits. 
The TC514266AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC514266AP/AJ/AZ to be packaged in a standard 20 pin plastic 
DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System 
oriented features include single power supply of 5V±10% tolerance, direct interfacing capability with 
high performance logic families such as Schottky TTL. 


FEATURES 


* 262,144 word by 4 bit organization • 

• Fast access time and cycle time 




1 TC514266AP/AJ/A2-70/-80/- 10 | 

tRAC 

RAS Access Time 

70ns 

80ns 

100ns 

tAA 

Column Address 
Access Time 

35ns 

40ns 

sons 

ICAC 

CaS Access Time 

20ns 

20ns 

25ns 

IRC 

Cycle Time 

130ns 

150ns 

180ns 

ipc 

Fast Page Mode 
Cvcie Time 

40ns 

45ns 

55ns 


PIN NAMES 


eo 

< 

1 

o 

< 

Address Inputs 

^5 

Row Address Strobe 

(fAS 

Column Address Strobe 

WB/WE 

Write Per Bit/Read/Write Input 

Ue 

Output Enable 

W1/I01~W4/104 

Write Select/Date Input/Output 

Vcc 

Power (+ 5VJ 

Vss 

Ground 

N.C. 

No Connection 


Single power supply of 5V±10% 
with a built-in Vbb generator 
Lov/ Power 

440mW MAX. Operating 

(TC514266AP/AJ/AZ - 70) 
385mW MAX. Operating 

(TC514266AP/AJ/AZ -80) 
330mW MAX. Operating 

(TC514266AP/AJ/AZ -10) 


5.5mW MAX. Standby 

Outputs unlatched at cycle end allows two- 
dimensional chip selection 
Read -Modify-Write. CSS before RAS refresh, 
RAS-only refresh, Hidden refresh. Write per 
Bit and Fast Page Mode capability 
All inputs and outputs TTL Compatible 
512 refresh cycles/8ms 


Package TC514266AP 
TC514266AJ 
TC514266AZ 


DIP20-P-300B 

SOJ26-P-300 

ZIP20-P-400 


PIN CONNECTION (TOP VIEW) 


Plastic DIP 


Plastic SOJ 


Plastic ZIP 


W1/I01 

W2/I02 

WE/WE 

ra5 

N.C. 

AO 

A1 

A2 

A3 

Vcc 


Di zoq 


[2 

[3 

[4 

[5 

[6 

[7 

[8 

[9 

[10 


Vss W1/I01[ 

W4/I04 W2/I02[ 
W3/I03 WB/WE[ 
P£a5 RAsQ 


15] 

14] 

13] 

12 ] 


m 

A8 

A7 

A6 

AS 

Da4 


N.C 



]W4/I04 

]W3/I03 

]CAS 

]OE 





m 

-l-J 

Tf" 

W3/I03 

AJ 

Ta" 

Vss 

AJ 

^6*' 

W2/I02 

7.J 

[C* 

RAS 

S.J 

AO 

-UJ 

[lY 

•TV 

A2 

.ii' 

Vcc 

1FJ 

oV 

A5 

[iJJ 

mV 

A7 

-lij 

5p] 


W4/I04 

W1/I01 

WB/WE 


A1 

A3 

A4 

A6 

A8 
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BLOCK DIAGRAM 


?AS < 



VCC Vss 

I I 


COLUMN 
ADDRESS 
BUFFER (9) 


REFRESH 

COUNTER(9) 


ROW 
ADDRESS 
BUFFER (9) 


N0.1 CLOCK 
GENERATOR 


W1/I01 W2/I02 W3/103 W4/I04 


1_L 


N0.2 CLOCK 
GENERATOR H 

..v~~ 


REFRESH 

CONTROLLER 

i 




DATA IN 
BUFFER 


J 


-N 




DATA OUT 
BUFFER 

n 


-»OUe 




COLUMN 

DECODER 


SENSE AMP 
I/O GATE 


S12 

■■x4 




oe 



§ Q 

■*' ' 

MEMORY 

O O 
q: w 

512 

ARRAY 

a 


512x512x4 


SUBSTRATE BIAS 
GENERATOR 


MAXIMUM RATINGS 


CHARAaERlSTlC 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

-1-7 

V 

1 

Output Voltage 

VouT 

- 1-7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Topr 

0-70 

•c 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature • Time 

^SOLDER 

260'10 

•C • sec 

1 

Power Dissipation 

Po 

600 

mW 

IjjjllllllBIIIIIIIIIII 

Short Circuit Output Current 

•out 

50 

mA 



RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70“c) 


SYMBOL 

CHARACTERISTIC 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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DC ELECTI^ICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0-70°c) 


SYMBOL 

CHARACTERiSTIC 

MIN. 

MAX. 

UNIT 

NOTE 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RA$, CAS, Address Cycling; tRc = tRc MIN.) 

TC5I4266AP/AJ/A2-70 

- 

80 

mA 

B 

TC514266AP/AJ/A2-80 

_ 

70 

TCS14266AP/AJ/AZ-10 

- 

60 

•CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RA?=CAS = V|h) 

■ 

2 

mA 

■ 

ICC3 

^ ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS = V,h: tRc = tRc MIN.) 

TC514266AP/AJ/AZ-70 

- 

80 

mA 

■ 

TC514266AP/AJ/A2-80 

- 

70 

TC514266AP/AJ/AZ-10 

- 

60 

>CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = ViL, Ca 5, Address Cycling: tpc = tRc MIN.) 

TCS14266AP/AJ/AZ-70 

_ 

60 

mA 

■ 

TC514266AP/AJ/AZ-80 

- 

SO 

TCS14266APrAj/AZ-10 

- 

40 

1CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RA?= SAS = Vcc - 0.2V) 

■ 

■ 

mA 

■ 

ICC6 

Sa? before ra5 refresh current 

Average Power Supply Current, CaS Before RAS 

Mode (RaS, Ca 5 Cycling: tRc«tRc MIN.) 

TC514266AP/AJ/AZ-70 

- 

80 

mA 

3 

TC514266AP/AJ/AZ-80 

- 

70 

TC514266AP/AJ/AZ-I0 

- 

60 

■l (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVS V|imS 6.5V, All Other Pins not under Test = 0V) 

- 10 

10 

jiA 

■ 

lo (U 

OUTPUT LEAKAGE CURRENT 

(Dour iJ disabled, OVS VqutiS S.SV) 

- 10 

10 

iiA 

B 

VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut* -5mA) 

g 


B 

B 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut * ^-JmA) 

■ 

B 

g 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%, Ta = 0~70°c)(Notes 6, 7, 8) 



CHARACTERISTIC 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write 
Cycle Time 


Access Time from RaS 


Access Time from CAS 


Access Time from Column Address 


Access Time from CAS Precharge 


CAS to output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Pulse Width (Fast Page Mode) 


RAl Hold Time 


RAT Hold Time From £a 5 Precharge 
(Fast Page Mode) 


CaS Hold Time 


TCS14266AP/ 

Aj/A2-70 


TC514266AP/ 

AJ/AZ-80 


TC514266AP/ 

AJ/AZ-IO 



kAS 

CA? Pulse Width 

20 

10,000 

20 

10.000 

25 

10,000 

mam 

kcD 

RA5 to CaS Delay Time 

20 

50 

20 

60 

25 

75 

IDB 

tRAO 

RAS to Column Address Delay Time 

_'5 

35 

15 

40 

20 

_^50 

lODl 


CA5 to fUT Precharge Time 


CAS Precharge Time 


ROw Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced 
to RA5 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Commanti Hold Time 


Read Command Hold Time referenced 
to RA? 


Write Command Hold Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 



CHARACTERISTIC 


Write Command Hold Time referenced 
to RAS 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to CaS Lead Time 


Data Set-Up Time 


Data Hold Time 


Data Hold Time referenced to RAS 


Refresh Period 


Write Command Set-UP Time 


CAS to WE Delay Time 


RAS to Wf Delay Time 


Column Address to Wl Delay Time 


CAS Precharge to WRITE Delay Time 


CAS Set-Up Time (CAS before SaS Cycle) 


CA5 Hold Time (CaS before Ra 5 Cycle) 


RAS to CAS Precharge Time 


CAS Precharge Time 

(Cas before RAS Counter Test Cycle) 


RAS Hold Time referenced to 0? 


51 Access Time 


51 to Data Delay 


Output buffer turn off Delay Time 


OE Command Hold Time 


Write Per Bit Set-Up Time 


Write Per Bit Hold Time 


Write Per Bit Selertion Set-Up Time 


Write Per Bit Selection Hold Time 


TC514266AP/ 

AJ/AZ-70 


TC514266AP/ 

AJ/AZ-80 


TC514266AP/ 

AJ/AZ-10 



CAPACITANCE (Vrr = 5V± 10%. f=lMH 2 , Ta = 0-70'’c) 


SYMBOL 

CHARACTERISTIC 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (A0~A8) 

- 

S 

PP 

Ci; 

Input Capacitance (RaS. CaS, WS/WE, 51) 

- 

7 

pF 

Co 

Input/Output Capacitance(Wl/IOl—W4/I04) 

- 

7 

PF 
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NOTES: 

1. Stresses greater than those listed under “Maximum Ratings” may cause permanent damage to the 
device. 

2. All voltages are referenced to Vss- 

3. Icci. ICC3. ICC4. I'CCe depend on cycle rate. 

4. Icci. IcC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vil and CAS=Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 IL.‘\S cycles are required. 

7. AC measurements assume It = 5ns. 

8. ViH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 

and is not referenced to output voltage levels. 

11. Either tRCH or tRim must be satisfied for a read cycle. 

12. These parameters' are referenced to CaS leading edge in early write cycles and to WB/WE leading 
edge in Read-Modify-Write cycles. 

13. t\vcs. tRWD. tcwD. tAWD and tcpvVD are not restrictive operating parameters. They are included 

in the data sheet as electrical characteristics only. If twcs^ twcs (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 

cycle; If tRWD^ tRWD (min.), tcWD^ tcwD (min.) , tAWD^ tAWD (min.) and tcpwD^ tcPWD (min.) 

(Fast Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read 
from the selected cell; If neither of the above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 


14. Operation within the tRCD (max.) limit insures that Irac (max.) can be met. 

tRCD (max.) is specified as a reference point only; If Ircd is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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WRITE CYCLE (EARLY WRITE) 
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FAST PAGE MODE READ CYCLE 


RAS 

Vit 


CAS 


V|H 

ViL 


A0~A8 


ViH 

VlL 


WSA/VE 


V|H 

V,L 


Cl 


ViH 

ViL 


V.'VIOI- VoH 
W4/I04 Vol 



FAST PAGE MODE WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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liAg ONLY REFRESH CYCLE 
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HIDDEN REFRESH CYCLE (READ: 
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APPLICATION INFORMATION 
ADDRESSING 

The 18 address bits required to decode 1 of the 262, 144 cell locations within the TC514266AP/AJ/AZare 
multiplexed onto the 9 address inputs and latched into the on-chip address latches by externally applying two 
negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 9 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into the chip. Each 
of these signals, RAS, and CAS, triggers a sequence of events which are controlled by different delayed 
internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation is 
done outside of the critical path timing sequence for read data access. The later events in the CaS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RA$ clock chain. The “gated 
CAS" feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (tRAH) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

DATA INPUTS 

Write Cycle. A write cycle is performed by bringing (WB / )WE low during the RAS/CAS operation. The 
falling edge of CAS or (WB / )WE strobes data on (Wi) lOi into the on-chip data latch. To make use of the 
write-per-bit capability WB( / WE) must be low as RAS falls. In this case data bits to which the write 
operation is applied can be specified by keeping Wi (/ lOi) high with set-up and hold times referenced to the 
negative transition. 

For those data bits of Wi (/ lOi) that are kept low as RAS tails the write operation is inhibited on the chip if 
WB( / WE) is high as RAS falls, the write-per-bit capability does not work and the write operation is 
performed for all four data bits. 

DATA OUTPUTS 

The three-state output buffers provide direct TTL compatibility with a fan-out of two standard TTL loads. 
Data-out is the same polarity as data-in. The outputs are in the high-impedance state until CAS is brought 
low. In a read cycle the outputs go active after the access time interval tRAC tOEA are satisfied. 

The outputs become valied after the access time has elapsed and remains valied while CAS and OE are low. 
CaS or OE going high returns it to a high impedance state. In an early-write cycle, the outputs are always in 
the high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence 
for the read cycle. 

The UE controls the impedance of the output buffers. In the logic high position the buffers will remain in a 
high impedance state. 

When the UE input is brought to a logical low level, the output buffer are enabled. Both CAS and UE can 
control the output. Thus in a read operation, either UE or CaS returning high forces the outputs into the high 
impedance state. 
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RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a-memory cycle at each of the 512 row 
address (A0-A8) within each 8 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with “RAS-only” cycles, RAS only refresh results in a substantial reduction in operating power. 
This reduction in power is reflected in the IcC3 specification. 

^ BEFORE R^ REFRESH 

CaS before RAS refreshing available on the TC514266AP/AJ/AZ offers an alternate refresh method. If CAS 
is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh control clock generators 
and the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh 
operation is performed, the refresh address counter is automatically incremented in preparation for the next 
CAS before RAS refresh operation. 

PAGE MODE 

The “Page-Mode" feature of the TC514266AP/AJ/AZ allows for successive memory operations at multiple 
column locations of the same row address with increased speed without an increase in power. This is done by 
strobing the row address into the chip and maintaining the RAS signal at a logic 0 throughout all successive 
memory cycles in which the row address is conunon. This “Page-Mode” of operation will not dissipate the 
power associated with the negative going edge of RAS. Also,- the time required for strobing in a new address is 
eliminated, thereby decreasing the access and cycle times. 

HIDDEN REFRESH 

An optional feature of the TC514266AP/AJ/AZ is that refresh cycles may be performed while maintaining 
valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is performed by holding 
CaS at ViL and taking RAS high and after a specified precharge period (tRp), executing a CaS before RAS 
refresh cycle, (see Figure below) 



This feature allows a refresh cycle to be “Hidden" among data cycles without affecting the data availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514266AP/AJ/AZ can be tested by CaS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READAVRITE operation taking the internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CaS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

® Write “0" into all the memory cells at normal write mode. 

(D Select one certain column address and read “0” out and write “1" in each cell by perfoi'ming CaS 
BEFORE RAS REFRESH COUNTER TEST (READ-WRHE CYCLE). Repeat this operation 512 Umes. 
d) Check “1” out of 512 bits at normal read mode, which was written at ® . 

® Using the same column as (D, read “1" out and write “0” in each cell performing CAS BEFORE RAS 
REFRESH COUNTER TEST. Repeat this operation 512 times. 

S Check “0” out of 512 bits at normal read mode, which was written at ® . 
d Perform the above Q to ® to the complement data. 
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65,536 WORD x 16 BIT DYNAMIC RAM 


DESCRIPTION 

The TC511664J/Z is the new generation dynamic RAM organized 65,536 words by 16 bits. The 
TC511664J/Z utilizes TOSHIBA’S CMOS Silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed 
address inputs permit the TC511664J/Z to be packaged in a standard 40 pin plastic SOJ and 40 pin 
plastic ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power 
supply of 5V±10% tolerance, direct interfacing capability with high performance logic families such as 
Sciiottky TTL. 


FEATURES 

• 65,536 word by 16 bit organization 

• Fast access time and cycle time 



TC5tie64J/Z-80/- 10 

tRAC 

Ra4 Access Time 

80ns 

lOOns 

Ua 

Column Address Access Time 

4Sns 

55ns 

ICAC 

CaS Access Time 

35n$ 

40ns 

IrC 

Cycle Time 

135ns 

170ns 

tPC 

Past Page Mode Cycle Time 

S5ns 

65ns 


Single power supply of 5V±10% with a built- 
in Vbb generator 
Low Power 

633mW MAX. Operating(TC511664J/Z-80) 
495mW MAX. Operating(TC511664J/Z-10) 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows two- 

dimensional chip sel ecito n _ 

Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, Byte-Write 
and Fast Page Mode capability 
All inputs and outputs TTL compatible 
256 refresh cycles/4ms 
Package Plastic SOJ : TC511664J 
Plastic ZIP ; TC511664Z 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 





Vc- 

t 

40 

i/Oi 

2 

39 

1/02 

3 

38 

1/03 

4 

37 

1/04 

5 

36 

1/05 

6 

35 

1/06 

7 

34 

1/07 

8 

33 

1/08 ! 

9 

32 

NC. 

10 

31 

V,.c 

" 

30 

UW L 

12 

29 

lw L 

13 

29 

HAS 

14 

27 

AO C 

15 

26 

A1 L 

16 

25 

42 C 

17 

24 

A3 C 

IS 

23 

A4 [ 

19 

22 

Vcc 

20 

21 




v,» 

l'OI6 

IA3)5 

I^U 

I'Oia 

WIJ 

I/on 

IAD10 

109 

NC. 

VA 

01 

N.C 

N.C, 

N.C 

A7 

A6 

AJ 

Vh 


NC 

l/oto 
1/012 
i/ou 
1/016 
I/O I 
Vcc 

1/04 

I/OS 

1/09 

LW 

AO 

A2 

A4 

N.C 

V» 

A6 

15 

CAS 


Plastic ZIP 



1/09 

1/011 

1/013 

1/015 

Vh 

1/02 

1/03 

1/05 

1/07 

NC. 

UW 

RM 

A1 

A3 

Vcc 

NC. 

AS 

A7 

of 

Vh 


PIN NAMES 


SYMBOL 

name 

A0~A7 

Address Inputs 

Ra5 

Row Address Strobe 

Ca5 

Colomn Address Strobe 

UW 

Read/Upper Byte Write 

Input 

UW 

Read/Lower Byte Write 
Input 

m 

Ouput Enable 

1/001-1/016 

Data inpuUOutput 

Vcc 

Power (♦ 5V) 

Vss 

Ground 

N.C. 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 



RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70“c) 


SYMBOL 


V,H 


parameter 


Supplv Voltaq« 




Input Lo w Vo l taoe _ 

ViL I (A0~A7, RA?, To, UW, LW, 51) 


Input Low Voltage (1/01—1/016) 



*1 -2.5V at pulse widths 20ns 
*2 •2.0Vatpulse widths 20ns 


DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%. Ta = 0~70“c) 


SYMBOL 

PARAMETER 

MIN. 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RaS, caS, Address Cycling: toc^tRc MIN. ) 

TCSI1664J/Z-80 

- 

TC511664J/Z.10 

- 

ICC2 

STANDBY CURRENT 

Power Supplv Standby Current 
(RAS^CaSsVih) 

a 

■ 

RA? ONLY REFRESH CURRENT 

Average Power Supplv Current, RAS Only Mode 
(RA? Cycling, CASaViHi tRc = tRC ) 

TC511664J/Z-80 

- 

TC511664J/Z-10 

- 

kc4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(873 = ViL, CAS, Address Cycling: tpc = tpc MIN.) 

TC511664J/Z-80 

- 

TC511664J/Z-10 

- 

Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(8A5=ro« VCC-0.2V) 

■ 

kes 

£73 BEFORE REFRESH CURRENT 

Average Power Supply Current, CAS Before 873 
Mod#(RAS, CAS Cycling: tRc = fRC I'^IN- ) 

TC511664J/Z-80 

- 

TC511664J/Z-10 

- 

l|(U 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 VSVinS 6.5V, All Other Pins Not Under Te$t = 0V) 

- 10 

'0(U 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OVS VqutS S.SV) 

-10 

VOM 

OUTPUT LEVEL 

Output “H* Level Voltage (lour ■ -2.5mA) 

BI 

Bi 

OUTPUT LEVEL 

Output "L" Level Voltage (lour’* 2.1mA) 

- 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


{Vcc = 5V±10%, Ta = 0~70°c)(Notes6, 7, 8) 




Random Read or Write Cycle Time 



Read-Modify-Wnte Cycle Time 


l=c 

Fast Page Mode Cycle Time 

1 


Fast Page Mode Read-Modify-Write Cycle Time 

1 

tpac 

Access Time from RAS 


'-CAC 

Access Time from CAS 


Iaa 

Access Time from Column Address 


tCPA 

Access Time from CaS Precharge 


kiz 

CAS to Output in Low-Z 

1 

tOFP 

Output Suffer Turn-off Delay 

1 

W 

Transition Time (Rise and Fall) 


tRP 

RAS Precharge Time 


UaS 

SaI Pulse Width 


tPASP 

RAS Pulse Width (Fast Page Mode) 


tPSH 

RAS Hold Time 


kSH 

dAS Hold Time 




tCAS 

CaS Pulse Width 


'PCD 

Sa? to CaI Delay Time 


tp.AO 

RAS to Column Address Delay Time 


ksp 

CAS to RaI Precharge Time 


'CP 

Ca 5 Precharge Time 


USR 

Row Address Set-Up Time 


'rah 

Row Address Hold Time 

I 

'aSC 

Column Address Set-Up Time 


'CAH 

Column Address Hold Time 


'ar 

Column Address Hold Time referenced to RAS 


'ral 

Column Address to Ra 5 Lead Time 


'RC5 

Read Command Set-Up Time 


'rCH 

Read Command Hold Time 


'rrh 

Read Command Hold Time referenced to 


'WCH 

Write Command Hold Time 

II 

'WCR 

Write Command Hold Time referenced to RAS 

1 

'WP 

Write Command Pulse Width 

1 

'rwl 

Write Command to ftAS Lead Time 

II 

'CWL 

Write Command to tAi Lead Time 


'os 

Data Set-Up Time 


'oh 

Data Hold Time 

1 


TC5U664J/Z-80 

TC511664J/Z-10 

IBII 

MAX. 

MIN. 

MAX. 
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eiECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 


SYMBOL 

PARAMETER 

TC5n664J/Z-80 

TC511664J/Z-10 

UNITS 

NOTE 

-1 

MIN. 

MAX. 

MIN. 

MAX. 

tOHR 

Data holo Time referenced to RX? 

wm 

- 


- 

la 


t^EF 

Refresh Period 

- 

4 


4 



twcs 

Write Command Set-UP Time 

0 

- 

Bl 

- 

b1 

13 

tCWD 

CA? to Wf Delay Time 

Bi 

- 

Bl 

- 

mm 

13 

tswo 

RAS to W? Delay Time 

wm 

- 


- 

mm 

13 

tCPWO 

Ca? Precharge to Wf Delay Time (East Page Mode) 

Bl 

- 

Bl 

- 

mm 

13 

tAVVD 

Column Address to WE Delay Time 

mm 

- 

Bl 

- 

Bi 

13 

<CSR 

CaS Set-Up Time (CAS before RaS Cycle) 

5 

- 

Bl 

- 

Bi 


kHft 

CaS Hold Time (<!a 5 before RAS Cycle) 

■El 

- 

Bl 

- 

mm 


tRPC 

SaI to CaS Precharge Time 

0 

- 

0 

- 

■a 


tCPT 

CAS Precharge Time ((SS before RA5 Counter Test Cycle) 

Bl 

- 

40 

- 

■a 

mm 

tpOH 

Ra 4 Hold Time referenced to 5T 

mm 

- 

Bi 

- 

■a 


t06A 

SI Access Time 


35 


40 

■a 


'OED 

S? to Data Delay 

mm 

- 

Bi 

- 

Bi 


tOEZ 

Output Buffer Trun Off Delay Time from 01 

mm 

10 

0 

20 

■a 


tOEH 

SI Command Hold Time 

mm 

- 

Bi 

- 

■a 


Imcs 

Masked Write Set-Up Time 

0 

- 

0 

- 

■a 



Masked Write Hold time Referenced to RAS 

0 

- 

0 

- 

■a 


Kick 

Masked Write Hold time Referenced to CaS 

0 

_ ~ i 

0 

_L__j 

la 



capacitance (Vcc = 5V± 10%,f = 1MHz,Ta = 0~70“C) 


aQUIll 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cm 

Input Capacitance (A0~A7) 

- 

5 

PF 

Cij 

Input Capacitance (RAS, CA$, DW, LW, 51) 

- 

7 

PF 

Co 

Input/Output Capacitance (l/0t~l/016) 

- 

7 

PF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. IcCl. ICC3. ICC 4 . ICC6 depend on cycle rate. 

4- Icci. icC4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while RAS = Vil and CAS = Vih. 

6. An initial pause of 200iis is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
Gas before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH(min.)and Vil (max.) are reference levels for measuring timing of input signals. 

Also, transition times are measured between Vm and V|l. 

9. Measured with a load equivalent to 1 TTL load and 50pF. 

10. toFF (max.) and Iqez (max.) define the time at which the outputs achieve the open circuit condition 
and are not referenced to output voltage levels, 

11. Either tRCH or Irrh must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to UW, LW leading 
edge in read-modify-write cycles. 

13. twcSi tRWDi tCWDi tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs^twcs(‘^‘<^-)l^a cycle is an early write 
cycle and data out pins will remain open circuit (high impedance) through the entire cycle; If 
tRWD= tRWD (min.), tcwD^ tCWD (min.), tAWD^ tAWD (min.) and tcpWD^ tCPWD (min.), the cycle is a 
read-modify-write cycle and the data out will contain data read from the selected cell: If neither 
of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRco(max.)is specified 
as a reference point only; If tRCD is greater than the specified tRCD (max.) limit, then access time 
is controlled by tcAC- 

15. Operation within the tRAO (max.) limit insures that Irac (max.) can be met. tRAD(max.)is specified 
as a reference point only: If Iraq is greater than the specified tRAO (max.) limit, then access time 
is controlled by tAA- 
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READ CYCLE 
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WRITE CYCLE (EARLY write: 
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V|L — 

I/01~ V|H - 


1/08 — 

1/09- V|H - 

1/016 — 









WRITE CYCLEICE controlled WRITE 
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I2 
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READ-MODIFY-UPPER-BYTE-WRITE CYCLE 



“H* or ”L* 
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READ-MODIFY-LOWER-BYTE-WRITE CYCLE 



”H* Of "L' 
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FAST PAGE MODE WRITE CYCLE 



Note 0 out*OPEN 



A-308 











TC511664J/Z-80, TC511664J/Z-10 


FAST PAGE MODE UPPER BYTE WRITE CYCLE 



Noti: 


: "H* or "L' 
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FAST PAGE MODE LOWER BYTE WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 
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HIDDEN REFRESH CYCLE (UPPER BYTE 
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APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TC511664J/Z are 
multiplexed onto the 8 address inputs and latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 8 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), subsequently latches the 8 column address bits into 
the chip. Each of these signals, RaS and CAS triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The “gated CAS" feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAll) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

Data Inputs 

A write cycle is performed by bringing UW and EW low during the RAS/CAS operation. The falling 
edge of CAS or EW strobes data on I/01~I/08 into the on-chip data latch. And the falling edge of 
CAS or UW strobes data on I/09-*I/16 into the on-chip data latch. In an early write cycle, EW and 
UW are brought low prior to CAS and the data is strobed in by CAS with setup and hold times 
referenced to this signal. In derayed write or read modify write cycle, CAS will already be low, thus 
the data will be strobed in by EW and UW with setup and hold times referenced to these signals. 

In derayed or read modify write, UE must be high to bring the output buffers to high inpedance 
prior to impressing data on the I/O lines. 


Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out of a standard TTL 
load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 
CAS is brought low. In a read cycle the outputs go active after the access time interval tRAC and 
toEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and 
are low. CAS or UB going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The UE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the UE input is brought to a logical low level, the output buffers are enabled. Both CAS and 
UE can control the outputs. Thus in a read operation, either UE or CAS returning high forces the 
outputs into the high impedance state. 
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raS only refresh 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row addresses (A0—A7) within each 4 millisecond time interval. Although any normal memory cycle 
will perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles, 
RAS only refresh results in a substantial reduction in operating power. This reduction in power is 
reflected in the Icc3 specification. 

CaS before HS5 REFRESH 

Gas before RAS refreshing available on the TC511664J/Z offers an alternate refresh method. If CaS 
is held on low for the specified period (tcsR) before RAS goes to low, on chip refresh control clock 
generations and the refresh address counter are enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 

FAST PAGE MODE 

The “Fast Page Mode” feature of the TC511664J/Z allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This “Fast page Mode” 
of operation will not dissipate the power associated with the negative going edge of RAS. Also, the 
time required for strobing in a new address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 

An optional feature of the TC511664J/Z is that refresh cycles may be performed while maintaining 
valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is performed by 
holding CAS at Vil and taking RAS high and after a specified precharge period (tRp), executing a 
CaS before RAS refresh cycle, (see Figure below) 



This feature allows a refresh cycle to be “Hidden” among data cycles without affecting the data 
availability. 
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Ca5 before HS5 REFRESH COUNTER TEST 

The internal refresh operation of TC511664J/Z can be tested by "CAS BEFORE RaS REFRESH 
COUNTER TESX". This cycle performs READ/WRITE operation taking the internal counter address 
as row address and the input address as column address. 

The test is performed after a minimum of 8 CaS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

® Write “0” into all the memory cells at normal write mode. 

(2) Select one certain column address and read “0” out and write “1” in eac;h cell by performing 

“CaS before ess REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)”. 

Repeat this operation 256 times. 

® Check “1” out of 256 bits at normal read mode, which was written at (2). 

® Using the same column as (D , read “1" out and write “0” in each cell performing “CAS BEFORE 

RAS refresh COUNTER TEST”. Repeat this operation 256 times. 

(D Check "0” out of 256 bits at normal read mode, which was written at ®. 

® Perform the above ® to ® to the complement data. 
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65,536 WORD x 16 BIT DYNAMIC RAM 


This is advanced information and specifica¬ 
tions are subject to change without notice. 


DESCRIPTION 

The TC511664JL/ZL is the new generation dynamic RAM organized 65,536 words by 16 bits. The 
TC511664JL/ZL utilizes TOSHIBA’S CMOS Silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed 
address inputs permit the TC511664JL/ZL to be packaged in a standard 40 pin plastic SOJ and 40 pin 
plastic ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power 
supply of 5V'±10% tolerance, direct interfacing capability with high performance logic families such as 
Schottky TT’L. 


FEATURES 

• 65,536 word by 16 bit organization 

• Fast access time and cycle time 


1 1 TCS11664Jt/ZL-60.'-10 j 

^RAC 

RaS Access Time | 

80ns 

100ns 

tAA 

Column Address Access Time j 

4Sns 

SSns 

kAC 

CAS Access Time 

3Sn$ 

40n$ 

^RC 

Cycle Time 

135ns 

170ns 

tpc 

[ Fast Page Mode Cycle Time 

SSns 

65ns 


Single power supply of 5V±10% with a built- 
in Vbb generator 
.Low Power 

633mW MAX. Operating (TC511664JL/ZL-80) 
495mW MAX. Operating (TC511664JL/ZL —10) 
1.7mW MAX. Standby 

Outputs unlatched at cycle end allows two- 
dimensional chip sel eciton 
Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, Byte-Write 
and Fast Page Mode capability 
All inputs and outputs TTL compatible 
256 refresh cycles/32ms 
Package Plastic SOJ : TC511664JL 
Plastic ZIP : TC5116G4ZL 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 


Vcc 

fT 

40 


1/01 

2 

39 

1 1/016 

1/02 

3 

38 

i 1/015 

1/03 

j 4 

371 

1 1/014 

1/04 

J 5 

36 

1 1/013 

1/05 

j 6 

35 

1/012 

i/06 

I ^ 

34 

1/011 

1/07 1 

8 

33 

1/010 

1/08 1 


32 

1/09 

ri.c. ! 

10 

31 

N.C. 

Vcc 

11 

30 

Jill 

uw 1 

]l2 

29 

CA5 

LW 1 

13 

re 


RAS 1 

14 

27 

N.C. 

AO 1 

15 

26 

N.C. 

A1 1 

16 

25 

N.C. 

A2 I 

17 

24 

] A7 

A3 

la 

23 

A6 

A< 1 

jl9 

22 

1 AS 

Vcc 

I 20 


v„ 


Plastic ZIP 


N.C. 

’ll 

1/010 

• ij 

(/OJ2 

'V, 

1/014 


1/016 

’s] 

1/01 

111 

Vcc 

:i33 

1/04 

',5] 

1/06 


1/08 


Vcc 

'M 

IW 

l?3l 

AO 

’is] 

A2 

iCrl 

A4 

is] 

N.C. 

iO 

Vss 

13] 

A6 

id 

N.C. 

'M 

CAS 

.19] 


I’A 


1/09 

1/011 

1/013 

1/015 

Vjs 

1/02 

1/03 

1/05 

1/07 

N.C. 

uw 

RAS 


PIN NAMES 


SYMBOL . 

NAME 

A0-A7 

Address Inputs 

RAS 

Row Address Strobe 

Ca5 

Colomn Address Strobe 

UW 

Read/Upper Byte Write 
Input 

IW 

Read/Lower Byte Write 
Input 

m 

Ouput Enable 

l.'O01-1/016 

Data Input/Output 

Vcc 

Power (* SV) 

Vss 

Ground 

N.C. 

No Connection 
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BLOCK DIAGRAM 


I/01 1/03 1/05 1/07 1/09 l/OU 1/013 1/015 

o o o o o o o o o o o o o o o o 


DATA OUT 

DATA IN 

BUFFER 

BUFFER 


^ 0-»> N0.2 CLOCK 
GENERATOR 


_K COLUMN 
a; ADDRESS 
~/ | BUFFER (8) 

REFRESH 

CONTROLLER 


I REFRESH 
j I COUNTER (8) 

8/ ROW 
If ADDRESS 
a' BUFFER(8) 


N0.1 CLOCK 




GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTE 

Input Voliaqe 

V,N 

- 1~7 

V 

1 

Output Voltage 

VouT 

- 1~7 

V 

1 


Vcc_i 

- 1-7 

V 

1 

j|Q^^Q2|||^Q^J2Q^QQQ||||||||||||||||||||^ 

mBsmm 

0~70 

'C 

1 

Storage Temperature 

^STG 

-55-150 

“C 

1 

Soldering Temperature • Time 

Tsolder 

260- 10 

°C • sec 

1 


Pd_' 

700 

mW 

1 

1 Short Circuit Output Current 1 

mmmm 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

S.O 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 
(A0~A7, RAS, CAS, UW, LVY, 

- 1.0 *1 

- 

0.8 

V 

2 

Vf, 

Inout Low Voltage (1/01 — 1/016) 

-0.5 *2 

- 

0.8 

V 

2 


*1 -2.SV at pulse widths 20n5 
*2 -2.0V at pulse widths 20ns 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%, Ta = 0~70'’c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

■ 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRC = tRc ) 

TC511664JL/ZL-80 

- 

115 

mA 


TC511664JUZL-10 


190 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS » CAS = V|h) 

■ 

B 

mA 

B 

kc3 

ra5 only refresh current 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS5 = V|n: lRC = tRC MIN. ) 

TC511664JL/ZL-80 

- 

115 

mA 

B 

TC511664JL/ZL-10 

- 

90 

kc« 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = Vil, CaS, Address Cycling: tpc = tpc MIN.) 

TC511664JL/ZL-80 

- 

70 

mA 

B 

TC5n664JLyZL-10 

- 

60 

B 

STANDBY CURRENT 

Power Supply Standby Current 
(^ = eAS = Vcc-0.2V) 

■ 

300 

pA 

B 

ICC6 

CA5 before Ia5 refresh CURRENT _ 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CAS Cycling: tRc = tRc MIN. ) 

TC511664JL/ZL-80 

- 

115 

mA 

B 

TC511664JLyZL-10 


90 

ICC7 

BATTERY BACK UP CURRENT 

Average Power Supply Current, Battery back up Mode 
(S^= £aS Before RAS Cycling or 0.2V, OE = Vcc-0.2V, 

UW,LW = Vcc-0.2V or 0.2V, A0--A7 = V^c - 0.2V or 0.2V, 

l/01~16 = Vcc-0.2V,0.2V or OPEN: tRc= 125ps, tRAS = tRAS MIN.~1ps) 

■ 

400 

pA 


B 

INPUT LEAKAGE CURRENT 

Input Leakage current, any input 

(OVS VituS 6.5V, All Other Pins Not Under TestsOV) 

- 10 

10 

pA 

B 

lo(U 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OVSVqutSS.SV) 

-10 

10 

pA 


Vqh 

OUTPUT LEVEL 

Output "H" Level Voltage (louT= -2.5mA) 

Q 

- 

D 

llllll 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (louT = 2.1mA) 

n 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%, Ta = 0~70‘’c)(Notes 7, 8, 9) 


SYMBOL 

PARAMETER 

^RC 

Random Read or Write Cycle Time 

tR.V.W 

Read-Modify-Write Cycle Time 

^PC 

Fast Page Mode Cycle Time 

Lrrmw 

Fast Page Mode Read-Modify-Write Cycle Time 

Lrac 

Access Time from RAS 

^AC 

Access Time from CAS 

Laa 

Access Time from Column Address 

tCPA 

Access Time from CAS Precharge 

kLZ 

CAS to Output in Low-2 

loff 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

Irp 

RAS Precharge Time 

LraS 

RAS Pulse Width 

'rasp 

RAS Pulse Width (fast Page Mode) 

Lrsk 

RAS Hold Time 

kSH 

CAS Hold Time 

'CAS 

CaS Pulse Width 

tRCO 

Ra 5 to CAS Delay Time 

^RAO 

RAS to Column Address Delay Time 

tCRP 

CAS to RAS Precharge Time 

kp 

Ca 5 Precharge Time 

USR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

tAR 

Column Address Hold Time referenced to flAS 

tRAL 

Column Address to RAS Lead Time 

^RCS 

Read Command Set-Up Time 

UCH 

Read Command Hold Time 

Irrh 

Read Command Hold Time referenced to RAS 

tvVCH 

Write Command Hold Time 

tWCR 

Write Command Hold Time referenced to RAS 

twp 

Write Command Pulse Width 

^RWL 

Write Command to RAS Lead Time 

teWL 

Write Command to CiAS Lead Time 

tos 

Data Set-Up Time 

tOH 

Data Hold Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) __ 


SYMBOL 

PARAMETER 


TC511664JL/2L-10 

UNITS 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

lOriP 

Data Hold Time referenced to RAS 

wm 

- 

wm 

- 

1^1 


tREF 

Refresh Period 

- 

32 


32 

■■ 



Write Command Set-UP Time 

0 

- 

■a 

- 

wm 

1A 

kWD 

CfAs to wf Delay Time 

55 

- 

70 

- 

mm 

1A 

tRWD 

RAS to Wf Delay Time 


- 

isi 

- 

■91 

14 

'CPWD 

CAS Precharge to Wl Delay Time (Fast Page Mode) 

70 

- 

mm 

- 

■■ 

14 

tAWD 

Column Address to WT Delay Time 

65 

- . 

85 

- 

ns 

14 

kSR 

CAS Set-Up Time (CAS before RAS Cycle) 

5 

_ 

5 

- 

■a 


tCHR 

CAS Hold Time (CaS before RAS Cycle) 

10 

- 

10 

- 

ns 


tRPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

Bi 


tcPT 

Cas Precharge Time (Ca 5 before RAS Counter Test Cycle) 

AO 

- 

AO 

_ , 

■9 


tROH 

^a 5 Hold Time referenced to SE 

15 

- 

20 

- 

mm 


tOEA 

SI Access Time 

- 

35 

- 

AO 

mm 


tOED 

Se to Data Delay 

mm 

- 

20 

- 

■■ 


kE2 

Output Buffer Trun Off Delay Time from SI 

0 

10 ^ 

0 

20 

mm 


kEH 

SI Command Hold Time 

mm 

— 

20 

- 

mm 


^MCS 

Masked Write Set-Up Time 

0 

- 

0 

- 

Bi 


Imrh 

Masked Write Hold time Referenced to RAS 

0 

- 

0 

- 

n 


twCH 

Masked Write Hold time Referenced to Ca5 

0 

■- 

0 

- 

mm 



CAPACITANCE (Vcc = 5V ± 10%, f = 1MHz, Ta = O-TO^C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C|, 

Input Capacitance (A0~A7) 

- 

5 

Pr 

Cij 

Input Capacitance (RAS, dAS. UW, LW, SI) 

- 

7 

pF 

Co 

Input/Output Capacitance (l/01~l/016) 

- 

7 

PF 
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TC511664JL/ZL-80, TC511664JL/ZL-10 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause pennanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. ICCI. ICC3. ICC 4 . ICC6 depend on cycle rate. 

4. ICCI. ICC 4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while RAS = Vil and CAS = Vni. 

6. tiiAS (rnax.) = lps is only applied to refresh of battery-back up. 

tRAS = lOps is applied to functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refi'esh cycles are required. 

8. AC measurements assume tT = 5ns. 

9. ViH (min.) and ViL(max.)are reference levels for measuring timing of input signals. 

Also, transition times are measured between Vih and Vij.,. 

10. Measured with a load equivalent to 1 TTL load and 50pF. 

11. tOFF (aiax.) and toEZ (max.) define the time at which the outputs achieve the open circuit condition 

and are not referenced to output voltage levels. 

12. Either tRCM or tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to UW, LW leading 
edge in read-modify-write cycles. 

14. twcs. tRWD. tcwD. tAWD and tcpWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs^ twcs (min.) the cycle is an early write 
cycle and data out pins will remain open circuit (high impedance) through the entire cycle; If 
tRWD= tRWD (min.), tcwD^tcwD(min.), tAWD^ tAWD (min.) and tcpwD^ tcpwD (min.), tire cycle is a 
read-modify-write cycle and the data out will contain data read from the selected cell: If neither 
of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

15. Operation within the tRCD (max.) limit insures that IraC (max.) can be met. tRCD(max.)is specified 
as a reference point only: If tRCD is greater than the specified tRCD (max.) limit, then access time 
is controlled by tCAC- 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. (rad (max.) is specified 
as a reference point only; If tRAD is greater than the specified IraD (max.) limit, then access time 
is controlled by Iaa- 
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WRITE CYCLE (EARLY WRITE) 


RAS 


CAS 


A0-A7 


UW 


LW 




l/01~ 

1/016 



Note: Dour “OPEN 
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UPPER BYTE WUrrE CYCLE (EARLY WRITE' 
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UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE: 
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READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 


tRP 
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FAST PAGE MODE UPPER BYTE WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 
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^ BEFORE RA5 refresh COUNTER TEST READ CYCLE 
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APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TG511664JL/ZL are 
multiplexed onto the 8 address inputs and latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 8 row address bits into the chip, The 
second clock, the Column Address Strobe (CAS), subsequently latches the 8 column address bits into 
the chip. Each of these signals, RAS and CAS triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The “gated CAS” feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (Irah) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

Data Inputs 

A write cycle is performed by bringing IjW and LW low during the RAS/CAS operation. The falling 
edge of CaS or LW strobes data on I/01~I/08 into the on-chip data latch. And the falling edge of 
CAS or UW strobes data on I/09~I/16 into the on-chip data latch. In an early write cycle, LW and 
UW are brought low prior to CAS and the data is strobed in by GAS with setup and hold times 
referenced to this signal. In derayed write or read modify write cycle, CAS will already be low, thus 
the data will be strobed in by LW and UW with setup and hold times referenced to these signals. 

In derayed or read modify write, OE must be high to bring the output buffers to high inpedance 
prior to impressing data on the I/O lines. 


Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out of a standard TTL 
load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 
CA5 is brought low. In a read cycle the outputs go active after the access time interval tRAC ^^^d 
tOEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and UE 
are low. CAS or OE going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the OE input is brought to a logical low level, the output buffers are enabled. Both CaS and 
C5E can control the outputs. Thus in a read operation, either OE or CAS returning high forces the 
outputs into the high impedance state. 
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RAS ONLY REFRESH 

Refresli of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row addresses (A0~A7) within each 4 millisecond time interval. Although any normal memory cycle 
will perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles, 
RAS only refresh results in a substantial reduction in operating power. This reduction in power is 
reflected in the IcC3 specification. 

CAS BEFORE RA5 REFRESH 

CAS before RAS refreshing available on the TC511664JL'ZL offers an alternate refresh method. If 
CAS is held on low for the specified period (tcsil) before RAS goes to low, on chip refresh control clock 
generations and the refresh address counter are enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 

FAST PAGE MODE 

The “Fast Page Mode” feature of the TC511664JL/ZL allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This “Fast page Mode” 
of operation will not dissipate the power associated with the negative going edge of RAS. Also, the 
time required for strobing in a new address is eliminated, thereby decreasing the access and cycle 
times. 


HIDDEN REFRESH 

An optional feature of the TC511664JL/ZL is that refresh cycles may be performed while 
maintaining valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CAS at Vjl and taking RAS high and after a specified precharge period (tRp), 
executing a CAS before RA$ refresh cycle, (see Figure below) 



This feature allows a refresh cycle to be “Hidden” among data cycles without affecting the data 
availability. 
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^ BEFORE RAg REFRESH COUNTER TEST 

The internal refresh operation of TC511664JL/ZL can be tested by “CAS BEFORE RAS REFRESH 
COUNTER TEST”. This cycle perforins READAVRITE operation taking the internal counter address 
as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

® Write “0” into all the memory cells at normal write mode. 

(D Select one certain column address and read “0” out and write “1” in each cell by performing 

“CaS before RAS REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)”. 

Repeat this operation 256 times. 

'Sy Check “1" out of 256 bits at normal read mode, which was written at 

0 Using the same column as (D , read “1” out and write “0” in each cell performing “CAS BEFORE 

RAS REFRESH COUNTER TEST”. Repeat this operation 256 times. 

S* Check “0” out of 256 bits at normal read mode, which was written at ®. 

<!)■ Perform the above (D to © to the complement data. 
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NOTES 



65,536 WORD x 16 BIT DYNAMIC RAM 


This is advanced information and speciHca' 
lions are subject to change without notice. 


DESCRIPTION 

The TC511666J^. is the new generation dynamic RAM organized 65,536 words by 16 bits. The 
TC511665J/Z utilizes TOSHIBA’S CMOS Silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed 
address inputs permit the TC511665J/Z to be packaged in a standard 40 pin plastic SOJ and 40 pin 
plastic ZIP. The package size provides high system bit densities and is compatible with widely 
avadlable automated testing and insertion equipment. System oriented features include single power 
supply of 5V± 10% tolerance, direct interfacing capability with high performance logic families such as 
Schottky TTL. 


FEATURES 

• 65,536 word by 16 bit organization • 

e Fast access time and cycle time_ 



TCS1166SJ/Z-80/-10 j 

tRAC 

Ra5 Access Time 

80ns 

lOOns 

tAA 

Column Address Access Time 

45ns 

SSns 

tCAC 

CAS Access Time 

3Sns 

40ns 

‘rc 

Cycle Time 

13Sns 

170ns 

Ipc 

Fast Page Mode Cycle Time 

SSns 

65ns 


Single power supply of 5V±10% with a built- 
in Vbb generator 
Low Power 

633mW MAX. Operating {TC511665J/Z-80) 
495mW MAX. Operating (TC511665J/Z-10) 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows two- 

dimensional chip sel ect to n _ 

Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Write-Per- 
Bit and Fast Page Mode capability 

• All inputs and outputs TTL compatible 

• 256 refresh cycles/4nis 

• Package Plastic SOJ : TC511665J 

Plastic ZIP : TC511666Z 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 


Vcc 

i 

40 ! 

W1/I01 

2 

28 

W2/102 

3 

38 , 

W3/103 

4 

37 . 

W4/J04 ( 

s 

38 . 

W5/105 

6 

25, 

W6^06 ( 

7 

34 

W7/I07 C 

8 

33 , 

W8/I08 1 

J 

32 , 

NC. 

10 

31 , 

VfC 

11 

30 , 

—'-c. 

12 

”, 

WB/WE 1 

13 

28 , 

RAS 1 

14 

27 , 

AO 1 

IS 

28 , 

A1 1 

1* 

25 , 

A2 1 

17 

24 , 

A3 1 

IS 

23 

A4 1 

1« 

22 , 

Vet 

29 

— 

21 


Vji 

WI6/I016 
Wt 5/101$ 
wi4aoi4 
W13/I013 
wizaou 
wn/ioii 
wioaoto 
wsaos 

N.C 

OE 

N.C 

N.C 

H.C 

A7 

AS 

AS 


Plastic ZIP 


N.C. 

WKMOlO 

WlJ/lOU 

W1M014 

WI64016 

W1/IOI 

Vcc 

W4404 

weaofi 

waaoa 

Vcc 

W8AVJ 

AO 

A] 

A4 

N.C. 


Lie 


W9/I09 
W11/1011 
W13/1013 
WI5/10I5 

WJ/102 

W3/103 

W5/105 

W7/I07 

N.C. 

NC. 

HAS 


A3 


llOj 

Ii» 

[iol 
[jjg NC. 
Cm as 
[iel M 

[IBJ OE 

v« 


PIN NAMES 


SYMBOL 

NAME 

< 

J 

o 

< 

Address Inputs 

m 

Row Address Strobe 

CAT 

Coiomn Address Strobe 

wB/WE 

Write Per Bit/ 

Read/Write Input 


Ouput Enable 

W1/101- 

Write Selection/ 

W164016 

Data Input/Output 

Vcc 

Power {♦ 5V) 

Vss 

Ground 

N.C. 

No Connection 
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BLOCK DIAGRAM 


WM02 W400i vyi/IOI W10<1010 Wll/iotl W14/10U wi«)0tl 
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ABSOLUTE MAXIMUM RATINGS 



RECOMMENDED DC OPERATING CONDITIONS (Ta = 0--70“c) 



*1 •2.5V at puls* width 20nf 
*2 >2.07 at puls* width S20nt 


DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%. Taa0~70“c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

kci 

OPERATING CURRENT 

Averaoe Pow*r Supply Op*rating Currant 
(Sa 5, CAS, Addrass Cycling: tRc^tpc ) 

TC5n665J/2-80 

- 

115 

mA 

3,4,5 

TCS11665J/7-10 

- 

90 

iccj 

STANDBY CURRENT 

Powtr Supply Standby Currant 
(RS5 «c5S«V)h) 

■ 

2 

mA 

III 

1CC3 

ONLY REFRESH CURRENT 

Avaraoa Powar SupdIv Currant, 1DS5 Only Mod* 

(RAS Cycling, CQ>V|h; tncatac MIN. ) 

TC5U66SJ/Z-80 

- 

115 

mA 

B 

Tcsneesj/z-io 

- 

90 

ICC4 

FAST PAGE MODE CURRENT 

Avaraoa Powar Supply Currant, Fast Pag* Moda 
(|[A? a V(|., CSs, Addrass Cycling; tpc > ti>c MIN.) 

Tcsiieesj/z-Bo 

- 

70 

mA 

3,4,5 

TCS11665J/M0 

- 

so 

'CCS 

STANDBY CURRENT 

Powar Supply SUndby Currant 
()0OaCSaVcc-0.2V) 

B 

D 

mA 

B 

•cc» 

K! SWUM 

TC5U665J/Z-80 

- 

115 

mA 

B 

TC511665J/Z-10 

- 

90 

>I(L) 

INKJT LEAKAGE CURRENT 

Input Laafcaga Currant, any input 
(0v3iV||ijdl6.5V, All Othar Pins Not Undar TastaOV) 

-10 

10 

pA 

■1 

lo(L) 

OUTPUT LEAKAGE CURRENT 
(Dout is disablad, 0V£Vout^S SV) 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

Output "H* Laval Vw!taga (Iqut » -2.SmA) 

g 

mi 

D 


VoL 

OUTPUT LEVEL 

Output ”L* Laval Voltaga(louT*2.1mA) 


Bl 

n 

iHI 
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1 TC511665J/Z-80 

TCS11665J/Z-10 1 

MIN. 

MAX. 

MIN. 

MAX. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%. Ta-0~70®c)(Notes6, 7, 8) 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write Cycle Time 


Access Time from RAS 


Access Time from CS5 


Access Time from Column Address 


Access Time from CAi Precharge 


(IaS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


Pulse Width 


ftAS Pulse Width (Fast Page Mode) 


^ Hold Time 


OAS Hold Time 


CAS Pulse Width 


Ra? to eSI Delay Time 


RaS to Column Address Delay Time 


CaS to RAS Precharge Time 


Oas Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced to RAS 


Column Address to fUs Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time referenced to R73 


Writ* Command Hold Time 


Write Command Hold Time referenced to rAS 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


Data Set-Up Time 


Data Hold Time 
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TC511665J/Z-80, TC511665J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 


SYMBOL 

PARAMETER 

tOHR 

Data Hold Tim* ref*r*nced to RaS 

tREf 

Refresh Period 

twcs 

Write Command Set-UP Time 

tcwo 

CAS to wE Delay Tim# 

tRWO 

RAS to WE Delay Tim# 

'CPWO 

CaS Precharge to wE Delay Time (Fast Page Mode) 

tAWO 

Column Address to WE Delay Tim* 

kSR 

CAS Set-Up Time (CAS before RAS Cycle) 

tCHR 

CAS Hold Time (CAS before RaS Cycle) 

tRPC 

RAS to CAS Precharg# Tim# 

tCPT 

CaS Precharg* Time (CAS before RAS Counter Test Cycle) 

tROH 

RaS Hold Time referenced to OE 

tOEA 

5E Access Time 

tOED 

OE to Data Delay 

tOEZ 

Output Buffer Trun Off Delay Time from UE 

tOEH 

SE Command Hold Time 

twBS 

Write Per Bit Set-Up Time 

twBH 

Write Per Bit Hold Time 

twos 

Write Per Bit Selection Set-Up Time 

twOH 

Write Per Bit Selection Hold Time 




CAPACITANCE (Vcc = 5V ± 10%. f s 1 MHz, Ta = 0~70'’C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

c„ 

Input Capacitance (A0~A7) 

- 

S 

PF 

c„ 

Input Capacitance (RAs, CAS, Wi/WE, ?7E) 

- . 

7 

PF 

Co 

Input/Output Capacitance (W1/10 l—W 16/1016) 

- 

7 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. IcCl. ICC3. IcC4i ICC6 depend on cycle rate. 

4. Icci> ^CC4 depend on output loading. Specilted values are obtained with the outputs open. 

5. Column Address can be changed once or less while RAS=Vil and CAS=Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 fiAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RaS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. ViH (min.) and &re reference levels for measuring timing of input signals. 

Also, transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 1 TTL load and 50pF. 

10. toFF (max.) and toEZ (max.) define the time at which the outputs achieve the open circuit condition 
and are not referenced to output voltage levels. 

11. Either Irch or Irrh must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to (WB/) WE 
leading edge in read-modify-write cycles. 

13. twcs. tRWD. tcwDi tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs^ IWCS (nun.) the cycle is an early write 
cycle and data out pins will remain open circuit (high impedance) through the entire cycle; If 
tRWD^ tRWD (min.), tcWD^ tcWD (min.), tAWD^ tAWD (min.) and tcPWD^tCPWD(min.), the cycle is a 
read-modify-write cycle and the data out will contain data read from the selected cell: If neither 
of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

14. Operation within the tRCO (max.) limit insures that tRAC (max.) can be met. tRCo(max.)is specified 
as a reference point only: If tRCD is greater than the specified tRCO (max.) limit, then access time 
is controlled by tOAC* 

15. Operation within the tRAD (max.) limit insures that Irac (max.) can be met. tRAD(max.)is specified 
as a reference point only: If tRAO is greater than the specified tRAO (max.) limit, then access time 
is controlled by tAA* 
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FAST PAGE MODE WRITE CYCLE 



A-371 







Tww I 1 bb5J/2l=wU, I Lrt) I I <UV»OU/^- I \J 


FAST PAGE M( 


SAD-MODIFY-WRITE 












Note: WB/WF, Or="H' or “L' 


SFRESH CYCLE 



Now; 0(N. WB/WE, OE, AO- 
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APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TC511665J/Z are 
multiplexed onto the 8 address inputs and latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RaS), latches the 8 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), subsequently latches the 8 column address bits into 
the chip. Each of these signals, RAS and CAS triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The “gated CAS” feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

Data Inputs 

A write cycle is performed by bringing (WB/) WE low during the RAS/CAS operation. The falling 
edge of CAS or (WB/) WR strobes data on (Wi/) lOi into the on-chip data latch. To make use of the 
write-per-bit capability WB (/WE) must be low as RaS falls. In this case data bits to which the write 
operation is applied can be specified by keeping Wi (/lOi) high with set-up and hold times referenced to 
the RaS negative transition. For those data bits of Wi (/lOi) that are kept low as RAS falls the write 
operation is inhibited on the chip. If WB(/WE) is high as RaS falls, the write-per-bit capability does 
not work and the write operation is performed for all four data bits. 


Data Outputs 

The three-state output buffers provide direct TTL' compatibility with a fan-out of a standard TTL 
load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 
CAS is brought low. In a read cycle the outputs go active after the access time interval tRAC 
toEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and 0E 
are low. CAS or OB going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The DE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the DE input is brought to a logical low level, the output buffers are enabled. Both CAS and 
OE can control the outputs. Thus in a read operation, either CE or CAS returning high forces the 
outputs into the high impedance state. 
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RS5 ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row addresses {M-’M) within each 4 millisecond time interval. Although any normal memory cycle 
will perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles, 
RAS only refresh results in a substantial reduction in operating power. This reduction in power is 
reflected in the Icc3 specification. 


CR5 BEFORE Ra5 refresh 

CAS before llAS refreshing available on the TC511665J/Z offers an alternate refresh method. If CAS 
is held on low Cor the specified period (tcsR) before AaS goes to low, on chip refresh control clock 
generations and the refresh address counter are enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS before iRAS refresh operation. 

FAST PAGE MODE 

The “Fast Page Mode” feature of the TC511665J/Z allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the kAS signal at a logic 0 
throughout all successive memory cycles in which the row address is conunon. This “Fast page Mode” 
of operation will not dissipate the power associated with the negative going edge of kAS. Also, the 
time required for strobing in a new address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 

An optional feature of the TC511665J/Z is that refresh cycles may be performed while maintaining 
valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is performed by 
holding CAS at Vii and taking RAS high and after a specified precharge period (tRp), executing a 
CAS before RaS refresh cycle, (see Figure below) 


m 




W1/I01~W16/I016 _OPEN 


This feature allows a refresh cycle to be “Hidden” among data cycles without affecting the data 
availability. 


, MEMORY CYCLE , 

^ 

^ REFRESH CYCLE . 

S_ 

^ REFRESH acts , 











y 

VALID DATA-OUT 

\ 

s _ 

_ A 
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m BEFORE ros REFRESH COUNTER TEST 

The internal refresh operation of TC511665J/Z can be tested by "CAS BEFORE RAE REFRESH 
COUNTER TEST". This cycle performs READAVRITE operation taking the internal counter address 
as row address and the input address as column address. 

The test is performed after a minimum of 8 GAS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

CD Write “0" into all the memory cells at normal write mode. 

® Select one certain column address and read “0" out and write “1" in each cell by performing 

“CAS BEFORE RS5 REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)". 

Repeat this operation 256 times. 

(D Check "1" out of 256 bits at normal read mode, which was written at ®. 

® Using the same column as ® , read "1" out and write “0" in each cell performing "CAS BEFORE 

RaS REFRESH COUNTER TEST". Repeat this operation 256 times. 

® Check “0" out of 256 bits at normal read mode, which was written at ®. 

(I) Perform the above ® to ® to the complement data. 
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65,536 WORD x 16 BIT DYNAMIC RAM 


This is advanced information and specifica¬ 
tions are subject to change without notice. 


DESCRIPTION 

The TC511665JL/ZL is the new generation dynamic RAM organized 65,536 words by 16 bits. The 
TC511665J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed 
address inputs permit the TC511665JL/ZL to be packaged in a standard 40 pin plastic SOJ and 40 pin 
plastic ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power 
supply of 5V±10% tolerance, direct interfacing capability with high performance logic families such as 
Schottky TTL. 


FEATURES 

• 65,536 word by 16 bit organization 

• Fast access time and cycle time 



TC511665JL/2L-80/- 10 

tRAC 

RAS Access Time 

80ns 

100ns 

tAA 

Column Address Access Time 

45ns 

55ns 

tCAC 

CAS Access Time 

35ns 

40ns 


Cycle Time 

135ns 

170ns 

toe I fsst Page Mode Cycie Time 

55ns 

65ns 


• Single power supply of 5V±109b with a built- 
in Vbb generator 

• Low Power 

633m\V MAX. Operating(TC511665JL/ZL-80) 
495m\V MAX. Operating (TC511665JL/ZL-10) 
1.7mW MAX. Standby 

• Outputs unlatched at cycle end allows two- 
dimensional chip sel ecito n 

• Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Write-Per- 
Bit and Fast Page Mode capability 

• All inputs and outputs TTL compatible 

• 256 refresh cycles/32ms 

• Package Plastic SOJ : TC511665JL 

Plastic ZIP : TC511665ZL 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 


Vcc 

• 

40t 

W1/F01 I- 

2 

39 . 

W2/I02 

3 

38 . 

W3/I03 

4 

37 . 

W4/I0<1 

5 

36U 

W5/I05 1 

6 

35 . 

W6/I06 

1 7 

34 

W7/I07 

! 8 

33 

WS/103 

9 

32 . 

N.C. 

10 

31 . 

Vr, Dll 

30 . 

N.C. L 

12 

29 . 

W8WE 

!13 

28[ 

RAS 

14 

27 . 

AO [ 

15 

26, 

A1 [ 

16 

25 . 

A2 

17 

26 = 

A3 

18 

23 . 

A4 

19 

22 . 

Vcc 

!20 

21 . 




W16/1016 
W15/I015 

V/14/10U 

V^13/I013 

W12/I012' 

wn/ion 

W10/1010 

W9/109 

N.C. 

CAS 

OE 

N.C. 

N.C. 

N.C. 

A7 

A6 

A5 

Vh 


N.C. 
WlO/IOlO 
W12/I012 
W14/I014 
W16/1016 
Wl/IOl 
Vcc 
W4/104 
W6/106 
W8/108 
Vcc 
WBAVE 
AO 
A2 
A4 
N.C. 
Vjs 
A6 
NC. 
CAS 


Plastic ZIP 



W9/109 

wii/ion 

Wl 3/1013 
W15/I015 
V» 

W2/t02 

W3/103 

W5/I05 

W7/I07 

N.C. 

N.C. 

RAS 

A1 

A3 

Vcc 

N.C. 

AS 

A7 

OE 


PIN NAMES 


SYMBOL 

NAME 

A0~A7 

Address Inputs 

ra5 

Row Address Strobe 

CAS 

Colomn Address Strobe 

WBAVE 

Write Per Bit/ 

Read/Write Input 

m 

Ouput Enable 

Wl/101- 

Write Seiection/ 

W16/I016 

Data Input/Output 

Vcc 

Power (-fSV) 

Vss 

Ground 

N.C. 

No Connection 
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BLOCK DIAGRAM 


W2/I02 W4/I04 W6'I06 V.'B/in8 VVlO/IO>0 WJMOU WU’i0t4 WI640I6 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTE 

input Voltage 

V|,c 

- 1~7 

V 

1 

Output Voltage 

VOUT 

- 1~7 

V 

1 

Power Suppiv Voltage 

Vcc 

- 1~7 

• V 

1 

Operating Temperature 

Topr 

0~70 

“C 

1 

Storage Temperatu.'e 

Tstg 

- 55-150 

“C 

1 

Soldering Temperature ■ Time 

Tsolder 

260- 10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

loiIT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70“c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 ! 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltaoe 
(A0~A7, RA?, CAS, WlTWc, UI) 

- 1.0 *1 

- 

0.8 

V 

2 

V,i 

Input Low Voltage (W1/I01—W16/I016) 

-0.5 *2 

- 

0.8 

V 

2 


*1 •2.5V at pulse widths 20ns 
*2 •2.0V at pulse widthS 20ns 
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DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70“c) 


SYMBOL 

PARAMETER 

MIN. 1 MAX. 

UNITS 

NOTES 

Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc = tRc MIN- ) 

TC511665JLyZi-80 


115 

mA 

Q 

TC5n665JL/ZL-10 


90 

M 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V|h) 

■ 

B 

mA 

B 

ICC3 

R^ ONLY REFRESH CURRENT 

Average Power Supply Current, Ra 5 Only Mode 
(^ Cycling, rA5 = V|H: ^rc-'-hc MIN. ) 

TC5n665JL/ZL-80 

- 

115 

mA 

H 

TC51 1665JUZL-10 

- 

90 

'cc-l 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RA4 = ViL, CA5, Address Cycling: tpc = tpc MIN.) 

TC511665J17ZL-80 

- 

70 

mA 

Q 

TC511665JIj'ZL-10 

- 

60 

'CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(R^ = CAS = Vcc-0.2V) 

■ 

300 

pA 

B 

•CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CAS Cycling: tRc = tRc MIN. ) 

TC51166SJLyZL-80 

- 

115 

mA 

B 

TC5n665JL/ZL-10 

- 

90 

ICC7 

BATTERY BACK UP CURRENT 

Average Power Supply Current, Battery back up Mode 
(CASr CaS Before RM Cycling or 0.2V, OE = Vcc-0.2V, 

WBAA/£ = Vcc-0.2V O'’ 0.2V, A0-A7 = Vrc - 0.2V or 0.2V, 
W1/IOt~W16/l016 = Vcc-0.2V,0.2V or OPEN: tRc=125p$, tRAS = tRAs 
MIN.-lps) 

1 

400 

pA 

B 

■ 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OVSVipjSe.SV, All Other Pins Not Under Test = 0V) 

- 10 

10 

pA 

B 

'0(U 

OUTPUT LEAKAGE CURRENT 
(DouT is disabled, OVS VqutS 5.5V) 

- 10 

10 

pA 

■ 

< 

O 

I 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut = -2.5mA) 

m 

- 

V 


VoL 

OUTPUT LEVEL 

Output ”L" Level Voltage (Iout = 2.1mA) 

■ 

B 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V± 10%, Ta = 0~70°c)(Notes7, 


SYMBOL 

PARAMETER 


Random Read or Write Cycle Time 

Irmw 

Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify-Write Cycle Time 

tRAC 

Access Time from RAS 

Lcac 

Access Time from CAS 

Laa 

Access Time from Column Address 

tCPA 

Access Time from CAS Precharge 

kLZ 

CAS to Output in Low-Z 

toP? 

Output Buffer Turn-off Delay 

t- 

Transition Time (Rise and Fall) 

tfip 

RAS Precharge Time 

tRAS 

RAS Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

tp.SH 

RAS Hold Time 

tCSH 

CAS Hold Time 

kAS 

CAS Pulse Width 

tRCD 

R^ to CAf Delay Time 

tRAO 

Ra 5 to Column Address Delay Time 

tCRP 

CAS to RAS Precharge Time 

kp 

CAS Precharge Time 

■^ASR 

Row Address Set-Up Time 

Irah 

Row Address Hold Time 

^ASC 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

Lar 

Column Address Hold Time referenced to RAS 

tRAL 

Column Address to RAS Lead Time 

^RCS 

Read Command Set-Up Time 

■^RCH 

Read Command Hold Time 

tRRH 

Read Command Hold Time referenced to RaS 

twCH 

Write Command Hold Time 

^WCR 

Write Command Hold Time referenced to RAS 

tv/P 

Write Command Pulse Width 

'•RWL 

Write Command to RaS Lead Time 

'CWL 

Write Command to CaS Lead Time 

^DS 

Data Set-Up Time 

toH 

Data Hold Time 


C511665JL/ZL-80 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) _ 


SYMBOL 

PARAMETER 

TC511665JL;ZL-80 

TC511665JUZL-10 

UNITS 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

^DHR 

Data Hold Time reterented to RaS 

55 

- 

wm 

- 

wm 


tREF 

Refresh Period 

- 

32 

- 

32 

■a 


Wv-CS 

Write Command Set-UP Time 

0 

- 

0 

- 

Bi 

14 

kWD 

cIa 5 to Wt Delay Time 

m 

- 

mm 

- 

mm 

14 

Lrwd 

RaS to Wc Delay Time 

mm 

- 

■ESI 

- 

mm 

14 

Lcpwd 

CaS Precharge to WE Delay Time (Fast Page Mode) 

70 

- 

wm 

- 

mm 

14 

UWD 

Column Address to WE Delay Time 

wm 

- 

mm 

- 

wm 

14 

kSR 

CaS Set-Up Time (CaS before RA5 Cycle) 

5 

- 

5 

- 

mm 


mm 

CaS Hold Time (CAS before RAS Cycle) 

10 

- 

10 

- 

mm 


kpc 

RAS to CaS Precharge Time 

0 

- 

0 


mm 


tCPT 

CAS Precharge Time «lAS before R'AS Counter Test Cycle) 

AO 

- 

40 

- 

Bi 


Lrok 

RAS Hold Time referenced to CE 

15 

- 

wm 

- 

■9 


^OEi, 

5E Access Time 

- 

35 

-1 

40 

mm 


^OEO 

SE to Data Delay 

mm 


20 

- 

B 


kEZ 

Output Buffer Trun Off Delay Time fromSE 

0 

10 

0 

20 

Bi 


kSH 

UE Command Hold Time 

mm 

- 

Bi 

- 

Bi 


KBSoilllil 

Write Per Bit Set-Up Time 

mmiii 

- 

0 

- 

Bi 


tWBH 

Write Per Sit Hold Time 

10 

- 

10 

- 

mm 


twos 

Write Per Bit Selection Set-Up Time 

0 

- 

0 

- 

mm 


twDH 

Write Per Bit Selection Hold Time 

10 

- 

■01 

- 

mm 



CAPACITANCE (Vcc = 5V ± 10%, f = 1 MHz, Ta = O-TO^C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (A0--A7) 

- 

5 

Pf 

C|2 

Input Capacitance (RAS, CAS, Wf/WE, Cf) 

- ■ 

7 

Pf 

Co 

inpuiroutput Capacitance (Wl/lOl—W16/I016) 

- 

7 

PF 
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NOTES; 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. ICC3. ICC 4 . ICC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while RAS = Vil, and CAS = Vih. 

6. tRAS{inax.) = lps is only applied to refresh of battery-back up. 
tRAS (nrax.) = lOps is applied to functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 RA$ only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume tT = 5ns. 

9. ViH (min.) and ViL(max.)are reference levels for measuring timing of input signals. 

Also, transition times are measured between Vm and Vil. 

10. Measured with a load equivalent to 1 TTL load and 50pF. 

11. toFF (niax.) and toEZ (nrax.) define the time at which the outputs achieve the open circuit condition 
and are not referenced to output voltage levels. 

12. Either tRCH or Irrh must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to ("WB/) WE 
leading edge in read-modify-write cycles. 

14. twcs> tRWD. tcWD. tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs= twcs (min.) the cycle is an early write 
cycle and data out pins will remain open circuit (high impedance) through the entire cycle; If 
tRVVD= tRWD (min.), tcwD^ tcwD (min.), tAWD^ tAWD (min.) and tcpwD^tcpwD(min.), the cycle is a 
read-modify-write cycle and the data out will contain data read from the selected cell: If neither 
of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRCD(max.)is specified 
as a reference point only: If tRCD is greater than the specified tRCD (max.) limit, then access time 
is controlled by tCAC- 

16. Operation within the tpAD (max.) limit insures that tRAC (max.) can be met. tRAD(max.)is specified 
as a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time 
is controlled by tAA- 
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FAST PAGE MODE WRITE CYCLE 



Note: Dour = OPEN 



or "L" 
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Ia5 only refresh cycle 
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HIDDEN REFRESH CYCLE (WRITE! 
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APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TC511665JL/ZL are 
multiplexed onto the 8 address inputs and latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 8 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), subsequently latches the 8 column addi’ess bits into 
the chip. Each of these signals, RAS and CAS triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the CAS clock sequence are inhibited until the occurrence of ‘a delayed signal derived from the RAS 
clock chain. The “gated CAS" feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAIl) bas been satisfied and the address inputs have been 
changed from Row address to Column address information. 


Data Inputs 

A write cycle is performed by bringing (WB/) WE low during the RAS/CAS operation. The falling 
edge of CaS or (WB/) WE strobes data on (Wi/) lOi into the on-chip data latch. To make use of the 
write-per-bit capability WB (/WE) must be low as RAS falls. In this case data bits to which the write 
operation is applied can be specified by keeping Wi(/IOi) high with set-up and hold times referenced to 
the RAS negative transition. For those data bits of Wi (/lOi) that are kept low as RAS falls the write 
operation is inhibited on the chip. If WB(AVE) is high as RAS falls, the write-per-bit capability does 
not work and the write operation is performed for all four data bits. 


Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out of a standard TTL 
load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 
EaS is brought low. In a read cycle the outputs go active after the access time interval t^AC a*^d 
toEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and UE 
are low. CAS or OE going high returns it to a high- impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the DE input is brought to a logical low level, the output buffers are enabled. Both CaS and 
EE can control the outputs. Thus in a read operation, either EE or CAS returning high forces the 
outputs into the high impedance state. 
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RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row addresses (A0~A7) within each 4 millisecond time interval. Although any normal memory cycle 
will perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles, 
RAS only refresh results in a substantial reduction in operating power., This reduction in power is 
reflected in the IcC3 specification. 


CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC511665JL/ZL offers an alternate refresh method. If 
CAS is held on low for the specified period (tcsR) before RAS goes to low, on chip refresh control clock 
generations and the refresh address counter are enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 

FAST PAGE MODE 

The “Fast Page Mode” feature of the TC511665JL/ZL allo%vs for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This "Fast page Mode” 
of operation will not dissipate the power associated with the negative going edge of RAS. Also, the 
time required for strobing in a new address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 

An optional feature of the TC511665JL/ZL is that refresh cycles may be performed while 
maintaining valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CAS at Vil and taking RAS high and after a specified precharge period (tRp), 
executing a CAS before RAS refresh cycle, (see Figure below) 



This feature allows a refresh cycle to be “Hidden" among data cycles without affecting the data 
availability. 
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BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC511665JL/ZL can be tested by “CAS BEFORE RAS REFRESH 
COUNTER TEST". This cycle performs READAVRITE operation taking the internal counter address 
as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

(D Write “0” into all the memory cells at normal write mode. 

® Select one certain column address and read “0” out and write “1” in each cell by performing 
“CAS BEFORE RAS REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)”. 

Repeat this operation 256 times. 

(D Check “1” out of 256 bits at normal read mode, which was written at ©. 

® Using the same column as (D, read “1” out and write “0” in each cell performing “CAS BEFORE 

RA$ REFRESH COUNTER TEST”. Repeat this operation 256 times. 

(D Check “0” out of 256 bits at normal read mode, which was written at ®. 

(D Perform the above (D to (D to the complement data. 
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TENTATIVE DATA 

65,536 WORD X 16 BIT DYNAMIC RAM 


DESCRIPTION 

The TC511664BJ/BZ is the new generation dynamic RAM organized 65,536 words by 16 bits. The 
TC511664BJ/BZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed 
address inputs permit the TC511664BJ/BZ to be packaged in a standard 40 pin plastic SOJ and 40 pin 
plastic ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power 
supply of 5V±10% tolerance, direct interfacing capability with high performance logic families such as 
Schottky TTL. 


FEATURES 

• 65,536 word by 16 bit organization • 

• Fast access time and cycle time 



TC5116648J/B2-80/-10 

tRAC 

RAS Access Time 

80ns 

100ns 

tAA 

Column Address Access Time 

45ns 

55ns 

tCAC 

CAS Access Time 

30ns 

35ns 

tRC 

Cycle Time 

135ns 

170ns 

tpc 

Fast Page Mode Cycle Time 

55ns 

65n$ 


Single power supply of 5V±10% with a built- 
in Vbb generator 
Low Power 

633mW MAX. Operating(TC511664BJ/BZ-80) 
495mW MAX. Operating (TC511664BJ/BZ-10) 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows two- 
dimensional chip sel eciton 
Re^ -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, Byte-Write 
and Fast Page Mode capability 
All inputs and outputs TTL compatible 
256 refresh cycles/4ms 
• Package TC511664BJ:SOJ40-P-400 
TC511664BZ:ZIP40-P-475 


PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic ZIP 


1/09 

1/011 

1/013 

1/015 

Vjs 

1/02 

ro3 

U05 

1/07 

N.C. 

UW 

RAS 

A1 

A3 

Vcc 

N.C 

AS 

A7 

OE 

V$j 


30 
29 
28 
27 
26 
25 ] 
24 ] 
23] 
22 ] 
21 ] 


«0 ] V 5 , 

39 ] 1/016 
38 ] IR315 
37 ] 1/014 
36 ] roi3 
35 ] IA312 
34] 1/011 
33 ] IA310 
32 ] 1/09 
31 ] N.C. 


51 

N.C. 

N.C. 

N.C. 

A7 

A6 

AS 


N.C. 

roio 

1/012 

i/ou 

1/016 

1/01 

Vcc 

1/04 

1/06 

1/08 

LW 

AO 


A6 

N.C. 

CAS 


Li 

[i 

[3 

C£oj 

[w 

cis; 

Ilb] 

CCq 

iVi 

[s 

[is 

[Co] 

Hi 

Hi 

[40. 


PIN NAMES 


SYMBOL 

NAME 

r~ 

< 

i 

0 

< 

Address Inputs 

ra5 

Row Address Strobe 

Ca5 

Column Address Strobe 

UW 

Read/Upper Byte Write 
Input 

LW 

Read/Lower Byte Write 
Input 

m 

Output Enable 

1 / 01 - 1/016 

Data Input/Output 

Vcc 

Power (+ 5V) 

Vss 

Ground 

N.C. 

No Connertion 
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ABSOLUTE MAXIMUM RATINGS 



RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70“c) 



DC ELECTRICAL CHARACTERISTICS (Vrr g 5V± 10%. TaaO-TO-c) 


•1 -2.5V at pulse widths 20ns 
*2 -2.0V at pulse widths 20ns 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(TC53, CAS, Address Cycling: tRc*tRc MIN.) 

TC511664BJ/BZ-80 

- 

115 

mA 

B 

TC511664BJ/BZ-10 

- 

90 

kc: 

STANDBY CURRENT 

Power Supply Standby Current 
(1»5«2 aS«V|h) 

B 

2 

mA 


Icc3 

T053 ONLY REFRESH CURRENT 

Average Power Suoolv Current, RAS Only Mode 
(RAS Cycling, CASaV ih; tRC"tRc MIN.) 

TC511664BJ/BZ-80 

- 

115 

mA 

3,5 

TC511664BJ/BZ-10 

- 

90 

Icc4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS a ViL, CCS, Aggress Cycling: tpcatpc MIN.) 

TC511664BJ/BZ-80 

- 

70 

mA 

B 

TC511664BJ/BZ-10 

- 

60 

kcs 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS a TO! a Vcc-0.2V) 

■ 

D 

mA 

B 

lcc6 

C3 BEFORE.RA5 REFRESH CURRENT 

Average Power Suoolv Current, CaS Before Ras 

Mode (RAS, CAS Cycling: tpcatpc MIN. ) 

TC511664BJ/BZ-80 

- 

115 

mA 

3 

TC511664BJ/BZ-10 

- 

90 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVS VinS 6.5V, All Other Pins Not Under TestaOV) 

-10 

10 

pA 

B; 

'O(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OVSVqut^S.SV) 

-10 

10 

pA 


VoH 

OUTPUT LEVEL 

Output "H* Level Voltage(I out= -2.5mA) 

m 

- 

n 

muiiii 

Vot 

OUTPUT LEVEL 

Output "L* Level Voltage (Iqut® 2.1mA) 

- 

IB 

D 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V ± 10%, Ta = 0~70®c)(Notes 6, 7, 8) 




TC511664BJ/BZ-80 

TC511664BJ/BZ-10 

MIN. 

MAX. 

MIN. 

MAX. 


Random Read or Write Cycle Time_ 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write Cycle Time 


Access Time from RaS 


Access Time from (35 


Access Time from Column Address 


Access Time from CAi Precharge 


CA5 to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RaS Precharge Time 


Sa 5 Pulse Width 


RaS Pulse Width (Fast Page Mode) 


RaS Hold Time 


Za 5 Hold Time 


Ca$ Pulse Width 


Ra 5 to CaS Delay Time- 


RaS to Column Address Delay Time 


CaS to RaS Prechafge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced to RaS 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time referenced to RaS 


Write Command Hold Time 


Write Command Hold Time referenced to RaS 


Write Command Pulse Width 


Write Command to Ia 5 Lead Time 


Write Command to Cas Lead Time 


Data Set-Up Time 


Data Hold Time 
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TC511664BJ/BZ-80, TC511664BJ/BZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) _ 


SYMBOL 

PARAMETER 

TC511664BJ/BZ-80 

TC511664BJ/8Z-10 

UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

toHR 

Data Hold Time referenced to ftAS 

Bi 

- 

mi 

- 

■9 



Refresh Period 

- 

4 

- 

4 

IE9 


twcs 

Write Command Set-UP Time 

0 

- 

0 

- 

mm 

13 

tcwo 

Ca 5 to WE Delay Time 

W 

- 

■a 

- 

mm 

13 

tRWO 

tiAi to WE Delay Time 

mm 

- 

IBl 

- 

■9 

13 

tCPWD 

CaS Precharge to WE Delay Time (Fast Page Mode) 

mm 

- 

90 

- 

■9 

13 

tAWD 

Column Address to WE Delay Time 

jm 

- 

Ei 

- 

■9 

13 

kSR 

Ca? Set-Up Time (CAS before ftAS Cycle) 

5 

- 

5 

- 

■9 


kHR 

CAi Hold Time (CAS before EaE Cycle) 

■a 

- 

mm 

- 

■9 


tfiPC 

Ra 5 to CAS Precharge Time 

0 

- 

wm 

- 

■9 


tcPT 

CaS Precharge Time (CAS before RAS Counter Test Cycle) 

■■ 

- 

mm 

- 

■9 


^ROH 

Ra 5 Hold Time referenced to SE 

■i 

- 

mm 

- 

Bl 


toEA 

QE Access Time 


25 


30 

19 

9 

toED 

OE to Data Delay 

mm 

- 

m 

- 

■9 


tOE2 

Output Buffer Turn Off Delay Time fromUE 

0 

10 


20 

19 

10 

tOEH 

CE Command Hold Time 

10 

- 

El 

- 

19 


^OS 

Output Disable Set-Up Time 

0 

- 

HI 

- 

■9 


^MCS 

Masked Write Set-Up Time 

0 

- 

wm 

- 

■9 


twRH 

Masked Write Hold time Referenced to ftAS 

0 

- 

n 

- 

19 


twCH 

Masked Write Hold time Referenced to CAS 

0 

_ 

0 

- 

iHH 



CAPACITANCE (Vcc = 5V ± 10%, f = 1MHz, Ta = 0~70“C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Ci 

Input Capacitance (A0--A7, ?a5, UW,LW, CE) 

- 

7 

PF 

Co 

Input/Output Capacitance (l/01~l/016) 

- 

7 

PF 
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NOTES; 

1. Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss. 

3. Icci. ICC3. IcC 4 t ICC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while RAS=Vil and CAS=Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. 

Also, transition times are measured between Vm and Vil. 

9. Measured with a load equivalent to 1 TTL load and 50pF. 

10. toFF (max.) and toEZ (niax.) define the time at which the outputs achieve the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to UW, EW leading 
edge in read-modify-write cycles. 

13. twcSi tRWD. tcwD. tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs— twCS (min.) the cycle is an early write 
cycle and data out pins will remain open circuit (high impedance) through the entire cycle; If 
tRWD^ tRWD (min.), tcwD^tcwD (min.), tAWD^ tAWD (min.) and tcpWD^tcPWD (min.), the cycle is a 
read-modify-write cycle and the data out will contain data read from the selected cell: If neither 
of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate, 

14. Operation within the tpcD (max.) limit insures that tRAC (max.) can be met. tRCD (max.) is specified 
as a reference point only: If tRCD is greater than the specified tRCD (max.) limit, then access time 
is controlled by tCAC- 

15. Operation within the tpAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) is specified 
as a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time 
is controlled by tAA- 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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HTODEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (LOWER BYTE WRITE) 



Note: Dout = OPEN 


"H* or “L* 
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APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TC511664BJ/BZ are 
multiplexed onto the 8 address inputs and latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 8 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), subsequently latches the 8 column address bits into 
the chip. Each of these signals, RaS and CaS. triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The “gated CAS” feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) bas been satisfied and the address inputs have been 
changed from Row address to Column address information. 


Data Inputs 

A write cycle is performed by bringing UW and LW low during the RAS/CAS operation. The falling 
edge of CAS or LW strobes data on I/Ol-rl/OS into the on-chip data latch. And the falling edge of 
CaS or UW strobes data on 1/09—1/016 into the on-chip data latch. In an early write cycle, LW and 
UW are brought low prior to CaS and the data is strobed in by CAS with setup and hold times 
referenced to this signal. In derayed write or read modify write cycle, CAS will already be low, thus 
the data will be strobed in by LW and UW with setup and hold times referenced to these signals. 

In derayed or read modify write, must be high to bring the output buffers to high inpedance 
prior to impressing data on the I/O lines. 

Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out of a standard TTL 
load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 
CAS is brought low. In a read cycle the outputs go active after the access time interval tRAC 
tOEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CaB and OE 
are low. CAS or (5E going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the input is brought to a logical low level, the output buffers are enabled. Both CAS and 
UE can control the outputs. Thus in a read operation, either ^ or CAS returning high forces the 
outputs into the high impedance state. 
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5a5 only refresh 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row addresses (A0~A7) within each 4 millisecond time interval. Although any normal memory cycle 
will perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles, 
RA!S only refresh results in a substantial reduction in operating power. This reduction in power is 
reflected in the IcC3 specification. 

'CM BEFORE IA5 REFRESH 

CAS before RAS refreshing available on the TC511664BJ/BZ offers an alternate refresh method. If 
CaS is held on low for the specified period (tcsR) before RAS goes to low, on chip refresh control clock 
generations and the refresh address counter are enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 

FAST PAGE MODE 

The “Fast Page Mode” feature of the TC511664BJ/BZ allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This “Fast page Mode” 
of operation will not dissipate the power associated with the negative going edge of RAS. Also, the 
time required for strobing in a new address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 

An optional feature of the TC511664BJ/BZ is that refresh cycles may be performed while 
maintaining valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CaS at Vjl and taking RAS high and after a specified precharge period (tRp), 
executing a CAS before RAS refresh cycle, (see Figure below) 



This feature allows a refresh cycle to be "Hidden” among data cycles without affecting the data 
availability. 
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eS5 BEFORE 5 aS REFBESH COUNTER TEST 

The internal refresh operation of TC511664BJ/BZ can be tested by “CAS BEFORE RAS REFRESH 
COUNTER TEST”. This cycle performs READAVRITE operation taking the internal counter address 
as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

® Write “0” into all the memory cells at normal write mode. 

® Select one certain column address and read “0" out and write “1” in each cell by performing 
“CaS BEFORE 1a5 refresh COUNTER TEST (READ-MODIFY-WRITE CYCLE)”. 

Repeat this operation 256 times. 

(D Check “1” out of 256 bits at normal read mode, which was written at (D. 

® Using the same column as (D , read “1” out and write “0” in each cell performing “CAS BEFORE 
RAS refresh counter TEST”. Repeat this operation 256 times. 

® Check “0” out of 256 bits at normal read mode, which was written at 0. 

® Perform the above 0 to <D to the complement data. 
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TENTATIVE DATA 

65,536 WORD x 16 BIT DYNAMIC RAM 

DE SC RIPTION 

T; i: TC51] n64BJL'T2L is the new generation dynainic R.AM organized G5,536 words by 16 bits. The 
D ol leo ibJLTiZL uiilizes TOSiUBA's CMOS Silicon gate process technology as well as advanced 
c.rc.'ii techniques to provide wide operating margins, both internally and to the system user. 
Multipie.'eed address inputs pennit the TC511664BJL/BZL to be packaged in a standard 40 pin plastic 
SOJ and 40 pin plastic ZIP. The package size provides high system bit densities and is compatible 
with widely available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10'7o tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 


FEATURES 


• 65,536 word by 16 bit organization • 

• Fait access time and cycle time 



TC51l664ajL'B2t-80/-10 

t-AC 

•PAS Access Time 

80ns 

100ns 

A 

Column Address Access Time 

4Sns 

55ns 

^AC 

CAS Access Time 

30ns 

35ns 


Cycle Time 

13Sns 

170ns 

tpc 1 Fast Pa^e Mode Cycle Time 

55ns 

65n$ 




Single power supply of 5V±10% with a built-in 
Vbb generator 
Low Power 

633mW MAX. Operating (TC511664BJL/BZL-80) 
495mW MAX. Operating(TC511664BJL/BZL —10) 
1.7m\V MAX. Standby 

Outputs unlatched at cycle end allows two- 
dimensional chip seleciton 

Read -Modify-Write, OaS before RAS refresh, 
RAS-only refresh. Hidden refresh, Byte-Write 
and Fast Page Mode capability 
All inputs and outputs TTL compatible 
256 refresh cycles/32ms 
Package TC511664BJL :SOJ40-P-400 
TC511664BZL :ZIP40-P - 475 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 






Vec [ 
1/01 1- 

: 1 

. 2 

40 

1 

39 

J 1/016 

1/02 [ 

. 3 

38 

] 1/015 

1/03 C 

. 4 

37 

] 1/014 

i/04 [ 

. 5 

36 

] 1/013 

1/05 [ 

. 6 

35 

] 1/012 

1/06 [ 

. 7 

34 

] 1/011 

1/07 [ 

. 8 

33 

] 1A010 

1/08 L 

. 9 

32 

) 1/09 

N.C. 1 

. 10 

31 

] N.C. 

bsi f 

. 1 1 

30 

I 

UW L 

. 12 

29 

J UAS 

IvV C 

113 

28 

5 oi 

TaT [ 

. 14 

27 

] N.C. 

AO i 

. 15 

26 

3 N.C, 

Ai i 

. 16 

25 

] N.C. 

A2 [ 

, 17 

24 

J A7 

A3 [ 

. '8 

23 

J A6 

A4 [ 

. 19 

22 

J AS 

Vcc L 

ho 

21 

] v„ 


N.C. 

i/oio 

1/012 

1/014 

1/016 

1/01 

V« 

1/04 

1/06 

1/08 

"w 

AO 

A2 

A4 

N.C. 

V»S 

A6 

N.C. 

CAS 


Plastic ZIP 


Iv. 

li 

Cl4 


1/09 

1/011 

1/013 

W)15 

Vss 

1/02 

1/03 

I/OS 

1/07 

N.C. 

UW 

wT 

A1 

A3 

Vec 

N.C. 

AS 

A7 

oi 

V« 


PIN NAM&S 


SYMBOL 

NAME 

A0-A7 

Address Inputs 

lAS 

Row Address Strobe 

?a5 

Column Address Strobe 

UW 

Read/Upper Byte Write 
Input 

tw 

Read/Lower Byte Write 
Input 

(31 

Output Enable 

1/01-1/016 

Data Input/Output 

Vcc 

Power ( + 5V) 

Vss 

(jround 

N.C 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

Vim 

-1~7 

V 

1 

Output Voltage 

VquT 

-1-7 

V 

1 

Power Supply Voltage 

Vcr_ 

-1~7 

V 

1 


mmm 

o 

1 

o 

•c 

1 


Tstg 

-55-150 

•c 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

•C • sec 

1 

Power Dissipation 

Po 

700 

mW 

1 

Short Circuit Output Current 

_IflUI_! 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0'-70‘’c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vfc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 
(A0~A7, UW, LW,^) 

-1.0 *1 

- 

0.8 

V 

2 

_ 

Input Low Voltage (1/01—1/016) 

-0.5 *2 

- 

0.8 

V 

2 


•1 •2.5\/at pulse widths20ns 
*2 •2.0V at pulse widths 20ns 
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DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 1 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling; tRc = tRc MIN.) 

TC511664BJL/BZL-80 

- 

115 

mA 

B 

TC511664BJL/B2L-10 

- 

90 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(^ = ^ = V|h) 

■ 

■ 

mA 

B 

ICC3 

ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RA? Cycling, CAS = Vih: tRc = tRc MIN. ) 

TC511664BJL/BZL-B0 

- 

115 

mA 

3,5 

TC511664BJL/BZL-10 

- 

90 

*CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(R^=Vii., CaS, Address Cycling; tpc = tpc MIN.) 

TC511664BJUBZL-80 

- 

70 

mA 

B 

TCS11664BJUBZL-10 

- 

60 

Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(^ = CM = Vcc-0.2V) 

■ 

300 

liA 

B 

'CC6 

ca5 before Sa5 refresh current 

Average Power Supply Current, CA$ Before RAS 
Mode (RaS, C/tS Cycling: tRC*tRc MIN. ) 

TC511664BJL/BZL-80 

- 

115 

mA 

3 

TC511664BJL/BZL-10 

- 

90 

ICC7 

BATTERY BACK UP CURRENT 

Average Power Supply Current. Battery back up Mode 

Ca 5 Before RM Cycling or 0.2V, Se = Vcc-0.2V, 

UW,LW = Vcc-0.2V or 0.2V, A0~A7 = Vcc - 0.2V or 0.2V, 

1/01-16 = Vcc-0.2V,0.2V or OPEN: tRc=125ps, tRAS = tRAS MIN.-lps) 

■ 

400 

pA 

3,6 

B 

INPUT LEAKAGE CURRENT 

Input Leakage current, any input 
(0 VSV|nS 6.SV, All Other Pins Not Under Test=0V) 

- 10 

10 

pA 

B 

l0{L) 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, OVSVouT^S.SV) 

-10 

10 

pA 


VoH 

OUTPUT LEVEL 

Output "H” Level Voltage (Iqut® -2.SmA) 

Bl 

> - 

B 


VoL 

OUTPUT LEVEL 

Output "L* Level Voltage (louT= 2.1mA) 

- 

B 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V ± 10%, Ta = 0~70'’c)(Notes 7, 8, 9) 




Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write Cycle Time 


Access Time from RAS 


Access Time from CA$ 


Access Time from Column Address 


Access Time from CAi Precharge 


CAS to Output in Low-2 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RA$ Pulse Width (Fast Page Mode) 


RAS Hold Time 


CaS Hold Time 


CaS Pulse Width 


RAS to CAS Delay Time 


RaS to Column Address Delay Time 


CaS to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced to RaS 


Column Address to fUS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time referenced to RaS 


Write Command Hold Time 


Write Command Hold Time referenced to RaS 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to ClAS Lead Time 


Data Set-Up Time 


Data Hold Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC511664BJUBZL-80 


UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

tOHR 

Data Hold Time referenced to RA$ 

55 

- 

65 

- 

■a 


tREF 

Refresh Period 

- 

32 

- 

32 



%CS 

Write Command 5et*UP Time 

0 

- 

0 

- 

m 

14 

^CWD 

2a 5 to WS Delay Time 

50 

- 

65 

- 

m 

14 

■Irwd 

RAS to Wf Delay Time 

100 

- 

130 

- 

m 

14 

tCPWD 

CJaS Precharge to WE Delay Time (Fast Page Mode) 

70 

- 

90 

- 

la 

14 

tAWD 

Column Address to WE Delay Time 

65 

- 

85 


la 

14 

tcSR 

OaS Set-Up Time (OaS before RAS Cycle) 

5 

- 

5 

- 

la 


tCHR 

CaS Hold Time (CAS before RAS Cycle) 

10 

- 

10 

_ 

la 


tRPC 

RaS to CaS Precharge Time 

0 

- 

0 

- 

la 


tCPT 

CaS Precharge Time (CAS before RAS Counter Test Cycle) 

40 

- 

40 

- 

la 


tROH 

RAS Hold Time referenced to <3E 

10 

- 

10 

- 

■a 


tOEA 

SE Access Time 

- 

25 

- 

30 

■a 

10 

^OEO 

UE to Data Delay 

10 

- 

20 

- 

la 


tOEZ 

Output Buffer Turn Off Delay Time from^ 

0 

10 

0 

20 

la 

11 

^OEH 

UE Command Hold Time 

10 

- 

20 

- 

■a 


k)DS 

Output Disable Set-Up Time 

0 

_ 

0 

- 

la 


^MCS 

Masked Write Set-Up Time 

0 

- 

0 

- 

la 


tWRH 

Masked Write Hold time Referenced to rAS 

0 

- 

WM 

- 

la 

BBli 

tlVICH 

Masked Write Hold time Referenced to CAS 

0 

- 

n 

- 

la 

BBI' 


CAPACITANCE (Vcc = 5V ± 10%. f = 1 MHz. Ta = 0~70“C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C| 

Input Capacitance (A0~A7 ,IaJ. <3?, tJW.lW, E5I) 

- 

7 

pF 

Co 

Input/Output Capacitance (l/01~l/016) 

- 

7 

PF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss. 

3. IcCl. ICC3i ICC4> ICC6 depend on cycle rate. 

4. Iccii ICC4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while RAS=Vil and CAS=Vih. 

6. tRAS (max.) = Ips is only applied to refresh of battery-back up. 
tRAS(™ax.) = 10ps is applied to functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CaS before RXS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume tT = 5ns. 

9. ViH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. 

Also, transition times are measured between Vjh and Vjl. 

10. Measured with a load equivalent to 1 TTL load and 50pF. 

11. toFF (max.) and toEZ (max.) define the time at which the outputs achieve the open circuit condition 
and are not referenced to output voltage levels. 

12. Either tRCH tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles an^ to UW, EW leading 
edge in read-modify-write cycles. 

14. twcSi tRWD. tcwD. tAWD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs— twCS (min.) the cycle is an early write 
cycle and data out pins will remain open circuit (high impedance) through the entire cycle; If 
tRWD^ tRWD (min.), tcwD^ tcwD (min.), tAWD^ tAWD (min.) and tcpwD^tcPWD (min.), the cycle is a 
read-modify-write cycle and the data out will contain data read from the selected cell: If neither 
of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRCD (max.) is specified 
as a reference point only: If tRCD is greater than the specified tRCD (max.) limit, then access time 
Is controlled by tCAC* 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD(max.)is specified 
as a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time 
is controlled by tAA- 
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FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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FAST PAGE MODE READ-MODIFY-WRrrE CYCLE 
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HroPEN REFRESH CYnLEmEAD' 
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CaS before Ra5 refresh counter test read cycle 
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APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TC511664BJli/BZL 
are multiplexed onto the 8 address inputs and latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 8 row address bits into the chip. The 
second clock, the Column Address Strobe (CaS), subsequently latches the 8 column address bits into 
the chip. Each of these signals, RAS and CAS triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the CaS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The “gated CAS” feature allows the CaS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) bas been satisfied and the address inputs have been 
changed from Row address to Column address information. 

- I 

■ -1 

Data Inputs 

A write cycle is performed by bringing UW and EW low during the RA^/CAS operation. The falling 
edge of CaS or CW strobes data on I/01~I/08 into the on-chip data latch. And the falling edge of 
CAS or UW strobes data on I/09~I/018 into the on-chip data latch. In an early write cycle, EW and 
UW are brought low prior to CAS and the data is strobed in by CAS with setup and hold times 
referenced to this signal. In derayed write or read modify write cycle, CAS wilf already be low, thus 
the data will be strobed in by EW and UW with setup and hold times referenced to these signals. 

In derayed or read modify write, UU must be high to bring the output bui^ers to high inpedance 
prior to impressing data on the VO lines. 

Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out of a standard TTL 
load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 
CAS is brought low. In a read cycle the outputs go active after the access time interval tgAC &nd 
toEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and UE 
are low. CAS or UE going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The UE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the UE input is brought to a logical low level, the output buffers are enabled. Both CAS and 
CE can control the outputs. Thus in a read operation, either CE or CAS returning high forces the 
outputs into the high impedance state. 
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105 ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row addresses (AO^A?) within each 4 millisecond time interval. Although any normal memory cycle 
■will perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles, 
EA§ only refresh results in a substantial reduction in operating power. This reduction in power is 
reflected in the Icc3 specification. 


gAg BEFORE ^ REFRESH 

CAS before RAS refreshing available on the TC511664BJL/BZL offers an alternate refresh method. 
If CAS is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh control 
clock generations and the refresh address counter are enabled, and an internal refresh operation takes 
place. After the refresh operation is performed, the refresh address counter is automatically 
incremented in preparation for the next CAS before RAS refresh operation. 

FAST PAGE MODE 

The “Fast Page Mode” feature of the TC511664BJL/BZL allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This “Fast page Mode” 
of operation will not dissipate the power associated with the negative going edge of RAS. Also, the 
time required for strobing in a new address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 

An optional feature of the TC511664BJL/BZL is that refresh cycles may be performed while 
maintaining valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CAS at Vil and taking RAS high and after a specified precharge period (tRp), 
executing a CAS before RAS refresh cycle, (see Figure below) 



This feature allows a refresh cycle to be “Hidden” among data cycles without afiecting the data 
availability. 
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UAg BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC511664BJL/BZL can be tested by “CAS BEFORE RAS REFRESH 
COUNTER TEST”. This cycle performs READ/WRITE operation taking the internal counter address 
as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

(D Write “0” into all the memory cells at normal write mode. 

(D Select one certain column address and read “0” out and write “1” in each cell by performing 
“CaS before RM refresh COUNTER TEST (READ-MODIFY-WRITE CYCLE)”. 

Repeat this operation 256 times. 

(D Check “1” out of 256 bits at normal read mode, which was written at (D. 

® Using the same column as (D , read “1” out and write “0” in each cell performing “CAS BEFORE 
RAS REFRESH COUNTER TEST”. Repeat this operation 256 times. 

(D Check “0” out of 256 bits at normal read mode, which was written at ©. 

® Perform the above ® to ® to the complement data. 
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TENTATIVE DATA 

65,536 WORD x 16 BIT DYNAMIC RAM 


DESCRIPTION 

The TC511665BJ/BZ is the new generation dynamic RAM organized 65,536 words by 16 bits. The 
TC511665BJ/BZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed 
address inputs permit the TC511665BJ/BZ to be packaged in a standard 40 pin plastic SOJ and 40 pin 
plastic ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power 
supply of 5V ± 10% tolerance, direct interfacing capability with high performance logic families such as 
Schottky TTL. 


FEATURES 

• 65,536 word by 16 bit organization 

• Fast access time and cycle time 

I |tC511665BJ/BZ-80/-101 


tRAC 

RAS Access Time 

80ns 

tOOns 

tAA 

Column Address Access Time 

45ns 

55ns 

tCAC 

CAS Access Time 

30ns 

35ns 

tRC 

Cycle Time 

135ns 

170ns 

tpc 

Fast Page Mode Cycle Time 

S5ns 

65ns 




Single power supply of 5V±10% with a built- 
in Vbb generator 
Low Power 

633mW MAX. Operating (TC511665BJ/BZ-80) 
495mW MAX. Operating (TC511665BJ/BZ-10) 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows two- 
dimensional chip seleciton 
Read -Modify-Write. CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, Write-Per- 
Bit and Fast Page Mode capability 
All inputs and outputs TTL compatible 
256 refresh cycles/4ms 
Package TC511665BJ:SOJ40-P-400 
TC511665BZ:ZIP40-P-475 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 


Vcc 

1 

40 ] 

WlflOl ^ 

2 

39 ] 

W2/102 

3 

38 ] 

W3/103 

4 

37 ] 

W4/104 

s 

36 ] 

W5/105 

6 

35 ] 

W6/106 [ 

7 

34 ] 

W7/107 

8 


W8/I08 

9 

32] 

N.C. 1 

10 

31 ] 

Vcc 

11 

30] 

N.C. 

12 

29] 

W8/WE 

13 

28 ] 

RAS 

14 

27] 

AO 1 

IS 

26] 

A1 [ 

16 

25] 

A2 I 

17 

24] 

A3 

18 

23] 

A4 1 

19 

22 ] 

Vcc 

20 

V 

2 Ip 


Vjs 

W16/1016 
W15/I015 
W14/1014 
W13/1013 
W12/1012 
W11/1011 
W10/I010 
W9/I09 
N.C. 

OE 

N.C. 

N.C 

N.C. 

A7 

A6 

AS 

Vss 


N.C. 
W10/I010 
W12/1012 
W14/1014 
W16/1016 
W1/101 
Vcc 
W4/104 
W6/I06 
W8/108 

W8/WE 

AO 

A2 

A4 

N.C. 

V» 

A6 

N.C. 

CAS 


[J. W9/109 
[V W11/I011 
[II W13/1013 
[II W15/1015 


[l_2 W2/102 
[wi W3/103 
[ill W5/105 
[ill W7n07 
[io| N.C. 

Hi N£ 

[5> RAS 
[« A1 

Hi a3 
CCq vcc 

[C? N.C. 
[S AS 

[Cel M 

[Csl OE 

Ho. V,J 


PIN NAMES 


1 SYMBOL 

NAME 

> 

o 

/ 

Address inputs 

MS 

Row Address Strobe 

MS 

Column Address Strobe 

Wb/wE 

Write Per Bit/ 

Read/Write Input 

m 

Output Enable 

WI/lOl- 

Write Selection/ 

W16/1016 

Data Input/Output 

Vcc 

Power {+ 5V) 

Vss 

Ground 

N.C. 

No Connection 
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BLOCK DIAGRAM 


N0.3 CLOCK 
GENERATOR 


N0.2 CLOCK 
GENERATOR 


ynnoi W4A04 W6AOi WMOt WIOAOIO W12A012 W14A014 W1f/I01« 


_ ^ DATA OUT 
BUFFER 


DATA IN 
BUFFER 

WRITE PER BIT 
CONTROLLER 


_K COLUMN 
8^ ADDRESS 
~V | BUFFER (8) 

REFRESH 

CONTROLLER 


COLUMN 

DECODER 


SENSE AMP. 
I/O GATE 



REFRESH 
COUNTER (8) 

4 

ROW 

ADDRESS 

8 

BUFFER (8) 


MEMORY 

ARRAY 

256x256x16 


RaJ o-»- 


N0.1 CLOCK 
GENERATOR 


SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 



RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70“c) 



*1 >2.57 at pulse widths 20ns 
*2 •2.0\/ at pulse width S 20ns 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0-70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, Ca 5, Address Cycling; tRc = tRc MIN. ) 

TC511665BJ/BZ-80 

- 

*115 

mA 

B 

TC511665BJ/BZ-10 

- 

90 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(M?=?:^ = Vih) 

■ 

2 

mA 

B 

Icc3 

RaS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(r:^ Cycling, Ca5=V|h: tRc = tRc MIN. ) 

TC5n665BJ/BZ-80 

- 

115 

mA 

3,5 

TC5n665BJ/BZ-10 

- 

90 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = ViL, CaS, Address Cycling: tpc = tpc MIN.) 

TC511665BJ/BZ-80 

- 

70 

mA 

B 

TC511665BJ/BZ-10 

- 

60 

Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(P3=c:^= Vcc-0.2V) 

■ 

■ 

mA 

B 

ICC6 

Sa? before Ra5 refresh current 

Average Power Supply Current, CAS Before RAS 
Mode(RAS, CAS Cycling: tRc = tRc MIN.) 

TC511665BJ/BZ.80 

- 

115 

mA 

3 

TC5n665BJ/BZ-10 

- 

90 


l|(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0VSV|(gS6.5V, All Other Pins Not Under Test = 0V) 

-10 

10 

pA 

B 

'O(L) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OVSVqutSS.SV) 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

Output “H" Level Voltage (Iqut =-Z.SmA) 

m 


n 



OUTPUT LEVEL 

01- Output “L* Level Voltage(looT = 2-1f^^A) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 



TC511665BJ/BZ-80 

TC511665BJ/B2.10 

MIN. 

MAX. 

MIN. 

MAX. 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write Cycle Time 


Access Time from TJS5 


Access Time from CaS 


Access Time from Column Address 


Access Time from CAS Precharge 


CaS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time _ 


RaS Pulse Width 


Pulse Width (Fast Page Mode) _ 


Hold Time 


?IS5 Hold Tim# 


ZSS Puls# Width 


to CSi? Delay Tim# 


to Column Addrasi Delay Tim# 


W5 to TWf Precharg# Tim# 


Precharg# Tim# 


Row Address SeMJp Tim# 


Row Address Hold Tim# 


Column Address SeMJp Time 


Column Address Hold Tim# 


Column Address Hold Time referenced to 1CI3 


Column Address to 1^ Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time referenced to Ras 


Write Command Hold Time 


Write Command Hold Time referenced to RaS 


Write Command Puls# Width 


Write Command to IS? Lead Time 


Write Command to CSS Lead Time 


Data Set-Up Time 


Data Hold Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) _ 


SYMBOL 

PARAMETER 

tOHR 

Data Hold Time referenced to RAS 

tREF 

Refresh Period 

twcs 

Write Command Set-UP Time 

tcwo 

CaS to WE Delay Time 

tRWD 

RaS to WE Delay Time 

tCFWO 

CaS Precharge to WE Delay Time (Fast Page Mode) 

Uwo 

Column Address to WE Delay Time 

tCSR 

CaS Set-Up Time (CAS before RAS Cycle) 

tCHR 

CAS Hold Time (CaS before RAS Cycle) 

tRPC 

)5a 5 to CAS Precharge Time 

tCPT 

CaS Precharge Time (CAS before RAS Counter Test Cycle) 

tROH 

Ras Hold Time referenced to C?E 

tOEA 

CE Access Time 

^OEO 

tJE to Data Delay 

'OEZ 

Output Buffer Turn Off Delay Time fromUE 

tOEH 

Command Hold Time 

tODS 

Output Disable Set-Up Time 

^WBS 

Write Per Bit Set-Up Time 

tW8H 

Write Per Bit Hold Time 

twDS 

Write Per Bit Selection Set-Up Time 

twOH 

Write Per Bit Selection Hold Time 


TC511665BJ/B2-80 

TC51166SBJ/BZ-10 

MIN. 

MAX. 

MIN. 

MAX. 



25 


30 

IBil 


10 


20 

nai 





CAPACITANCE (Vcc = 5V ± 10%, f = 1MHz, Ta = 0~70“C) 


Input Capacitance (A0~A7, ftAS, CAS, WS/WE, CJE) 


Input/Output Capacitance (W1/I01~W16/1016) 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Iccit ICC3. IcC 4 i ICC6 depend on cycle rate. 

4. Icci. 1CC4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while RaS=Vil and CaS=Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RaS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. ViH (min.) and ViL(max.)are reference levels for measuring timing of input signals. 

Also, trarisition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 1 TTL load and 50pF. 

10. toFF (max.) and toEZ (max.) define the time at which the outputs achieve the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CaS leading edge in early write cycles and to (WB/ ) WE 
leading edge in read-modify-write cycles. 

13. twcSi tRWDi tcwDi tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs— twCS (min.) the cycle is an early write 
cycle and data out pins will remain open circuit (high impedance) through the entire cycle; If 
tRWD=tRWD (min.), tcwD^ tcwD (min.), tAWD^ tAWD (min.) and tcPWD^ tcpWD (min.), the cycle is a 
read-modify-write cycle and the data out will contain data read from the selected cell: If neither 
of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRCD (max.) is specified 
as a reference point only: If tRCD is greater than the specified tRCD (max.) limit, then access time 
is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) is specified 
as a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time 
is controlled by tAA- 
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Wl/101- 

W16/1016 


OPEN 


DATA-OUT 


VOH 

VoL— 1^ tgz 

Note: Din*OPEN 

WRITE CYCLE (EARLY WRITE) 
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WRITE CYCLE CONTROLLED WRITE' 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


RA? 


c:^ 


A0~A7 


WBAivT 




W1/I01~ 

W16/1018 



Note: Dour = OPEN 



*H* or “L* 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 




V|H 

V|L 


ZjSS 


V|H 

VlL 


A0~A7 


V|H 

V|L 


W5/wr 


V|H 

VlL 




VlH 

VlL 


W1/01-- 

W16/1016 


"VoH 

VoL 


VlH 

[viL 



'H* or "L* 
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^ BEFORE Mg REFRESH CYCLE 
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lOO I lUUUDU/D^-OU, 103 1 lOOODU/D^-IU 


^ BEFORE R55 refresh COUNTER TEST CYCLE 



READ CYCLE 


W1/101~W16/I016 


WRITE CYCLE 



W1/101~W16/1016 


READ-MODIFY-WRITE CYCLE 



W1/I01~W16/1016 
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APPLICATION INFORMATION 


ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TC511665BJ/BZ are 
multiplexed onto the 8 address inputs and latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 8 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), subsequently latches the 8 column address bits into 
the chip. Each of these signals, RAS and CAS triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the CaS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The “gated CAS” feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) l^as been satisfied and the address inputs have been 
changed from Row address to Column address information. 


Data Inputs 


A write cycle is performed by bringing (WB/) WE low during the RAS/CAS operation. The falling 
edge of CAS or (WB/) WE strobes data on (Wi/)IOi into the on-chip data latch. To make use of the 
write-per-bit capability WB (fWE) must be low as HaS falls. In this case data bits to which the write 
operation is applied can be specified by keeping Wi (/lOi) high with set-up and hold times referenced to 
the RAS negative transition. For those data bits of Wi (/lOi) that are kept low ds RAS falls the write 
operation is inhibited on the chip. If WB(AVE) is high as RAS falls, the write-per-bit capability does 
not work and the write operation is performed for all four data bits. 


Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out of a standard TTL 
load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 
CaS is brought low. In a read cycle the outputs go active after the access time interval tRAC and 
toEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and UE 
are low. CaS or UE going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The SE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the UE input is brought to a logical low level, the output buffers are enabled. Both CAS and 
CE can control the outputs. Thus in a read operation, either CE or CaS returning high forces the 
outputs into the high impedance state. 
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only refresh 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row addresses (A0~A7) within each 4 millisecond time interval. Although any normal memory cycle 
will perform the refresh operation, this function is most easily accomplished with “ilAS-only” cycles, 
RAS only refresh results in a substantial reduction in operating power. This reduction in power is 
reflected in the IcC3 specification. 


before RaS refresh 

CAS before RAS refreshing available on the TC511665BJ/BZ offers an alternate refresh method. If 
CAS is held on low for the specified period (tcsR) before RAS goes to low, on chip refresh control clock 
generations and the refresh address counter are enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation, 

FAST PAGE MODE 

The “Fast Page Mode” feature of the TC511665BJ/BZ allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This “Fast page Mode” 
of operation will not dissipate the power associated with the negative going edge of RAS. Also, the 
time required for strobing in a new address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 

An optional feature of the TC511665BJ/BZ is that refresh cycles may be performed while 
maintaining valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CAS at Vil and taking RAS high and after a specified precharge period (tRp), 
executing a CAS before RAS refresh cycle, (see Figure below) 



This feature allows a refresh cycle to be “Hidden” among data cycles without affecting the data 
availability. 
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gSg BEFORE Ra5 refresh COUNTER TEST 

The internal refresh operation of TC511665BJ/BZ can be tested by “CAS BEFORE RAS REFRESH 
COUNTER TEST”. This cycle performs READ/WRITE operation taking the internal counter address 
as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

(D Write “0” into all the memory cells at normal write mode. 

(D Select one certain column address and read “0” out and write “1” in each cell by performing 
“CAg BEFORE SAg REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)”. 

Repeat this operation 256 times. 

(D Check “1” out of 256 bits at normal read mode, which was written at (D. 

@ Using the same colmnn as (D, read “1” out and write “0” in each cell performing “CAS BEFORE 
RAS refresh COUNTER TEST”. Repeat this operation 256 times. 

<D Check “0” out of 256 bits at normal read mode, which was written at ®. 

® Perform the above ® to ® to the complement data. 
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TENTATIVE DATA 

65,536 WORD x 16 BIT DYNAMIC RAM 


DESCRIPTION 

The TC511665BJLi/BZL is the new generation dynamic RAM organized 65,536 words by 16 bits. The 
TC511665BJL/BZL utilizes TOSHIBA’S CMOS Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC511665BJL/BZL to be packaged in a standard 40 pin plastic 
SOJ and 40 pin plastic ZIP. The package size provides high system bit densities and is compatible 
with widely availatie automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 


FEATURES 


• 65,536 word by 16 bit organization • 

• Fast access time and cycle time 



TCS11665BJUBZL-80/-10 

tRAC 

RAS Access Time 

80ns 

100ns 

tAA 

Column Address Access Time 

45ns 

55ns 

tCAC 

CAS Access Time 

30ns 

35ns 

tRC 

Cycle Time 

135ns 

170ns 

^PC 

Fast Page Mode Cycle Time 

55ns 

65ns 




Single power supply of 5V±10% with a built-in 
Vbb generator 
Low Power 

633mW MAX. Operating (TC511665BJL/BZL-80) 
495mW MAX. Operating(TC511665BJL/BZL-10) 
1.7mW MAX. Standby 

Outputs unlatched at cycle end allows two- 
dimensional chip sel eciton 

Re^ -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, Write-Per-Bit 
and Fast Page Mode capability 
All inputs and outputs TTL compatible 
256 refresh cycles/32ms 
Package TC511665BJL:SOJ40-P-400 
TC511665BZL:ZIP40 - P - 475 


PIN CONNECTION (TOP VIEW) 


Vcc 

W1/101 

W2/I02 

W3/103 

W4/I04 

W5/105 

W6/106 

W7/I07 

W8/I08 

N.C. 


WB/WE 

RAS 

AO 

A1 

A2 

A3 

A4 

Vcc 


Plastic SOJ 


C 1 

40 ] 

. 2 

39 ] 

: 3 

38 ] 

; 4 

37] 

: 5 

36 ] 

; 6 

35 ] 

: 7 

34 ] 

: 8 

33] 

. 9 

32 ] 

. 10 

31 ] 

ill 

30 ] 

. 12 

29 ] 

:i3 

28 ] 

. 14 

27] 

:i5 

26 ] 

. 16 

25] 

[17 

24 ] 

[ 18 

23] 

[ 19 

22 ] 

[ 20 

21] 




Vs5 

W16/1016 
W15/1015 
W14/1014 
W13/1013 
W12/1012 
W11/1011 
W10/1010 
W9/I09 
N.C. 



OE 

N.C. 

N.C. 

N.C. 

A7 

A6 

AS 

Vsi 


N.C. 
W10/1010 
W12/1012 
W14/1014 
W16/1016 
W1/101 
V« 

W4/104 

W6/I06 

W8/108 

_Vcc. 

WB/WE 

AO 

A2 

A4 

N.C. 

Vss 

A6 

N.C. 

CAS 


Plastic ZIP 


W9/109 
W11/1011 
W13/1013 
W15/1015 
V$. 

W2/102 

W3/103 

W5/105 

W7/107 

N.C. 

N.C. 

RAS 

A1 

A3 

Vcc 

N.C 

A5 

M 

OE 

Vss 


PIN NAMES 


SYMBOL 

NAME 

A0~A7 

Address Inputs 

ra5 

Row Address Strobe 

US 

Column Address Strobe 

WS/WE 

Write Per Bit/ 

Read/Write Input 

(5E 

Output Enable 

WI/lOl- 

Write Selection/ 

W16/1016 

Data Input/Output 

Vcc 

Power (+ 5V) 

Vss 

Ground 

N.C. 

No Connection 
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BLOCK DIAGRAM 


WB/Wf O-*- N0.3 CLOCK 
GENERATOR 


Ca? O-^ NO.2 clock 
GENERATOR 


W2/I02 W«I04 WblOt VWlOl WIQAOlO W12/IOI] WI4/IOI4 WIMOK 


_ _ DATA OUT 
BUFFER 


DATA IN 
BUFFER 

WRITE PER BIT 
CONTROLLER 


K COLUMN 

b; address 

~V \ BUFFER (8) 

REFRESH 

CONTROLLER 


COLUMN 

DECODER 


SENSE AMP. 
I/O GATE 


REFRESH 

|~ J COUNTER (8) 

s) ROW 
If ADDRESS 
a; BUFFER(8) 


W O-^ 


N0.1 CLOCK 
GENERATOR 


ec 

Ul 

5 o 


_I_I_L 

MEMORY 

o o 

256 

ARRAY 

Ul 

* 

256x256x16 

o 




SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViM_ 

-1~7 

V 

1 

Output Voltage 

hssrihh 

-1~7 

V 

1 


Vcc 

-1~7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

•c 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

•C • sec 

1 


Po 

700 

mW 

1 

Short Circuit Output Current 

_k21!I_ 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70’c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 



-1.0 •! 

- 

0.8 

V 

2 

V'L.. 

Input Low Voltage (W1/I01-W16/1016) 

-0.5 *2 

- 

0.8 

V 

2 


*1 -2.5V at pulse widths 20ns 
*2 •2.0V at pulse widths 20ns 
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DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RaS, CAS, Address Cycling: tRc = tRC ) 

TC511665BJUBZL-80 

- 

115 

mA 

B 

TC511665BJL;BZL-10 

- 

90 

'CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5 =C^=Vih) 

■ 

2 

mA 

B 

ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(R^ Cycling, ^s V|h: tRc = tRc MIN. ) 

TC511665BJL/BZL-80 

- 

115 

mA 

B 

TC511665BJUBZL-10 

- 

90 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = Vn., CAS, Address Cycling: tpc = tpc MIN.) 

TC511665BJL/BZL-80 

- 

70 

mA 

B 

TC511665BJL/82L-10 

- 

60 

Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(R^=CaS = Vcc-0.2V) 

H 

300 

pA 

B 

ICC6 

?a5 before 1a5 refresh current 

Average Power Suoolv Current, CaS Before RaS 
Mode (RAS, CAS Cycling: tRc = tRc MIN. ) 

TC511665BJUBZL-80 


115 

mA 

3 

TcsneesBJiyszL-io 


90 

lea 

BATTERY BACK UP CURRENT 

Average Power Supply Current. Battery back up Mode 
(gA?= c:^ Before R^ Cycling or 0.2V, 51=Vcc-0.2V, 

WB/Wl = Vcc-0.2V or 0.2V, A0--A7 = Vcc-0.2V or 0.2V, 
W1/101-'W16/l016 = Vcc-0.2V,0.2V or OPEN: tRc=125us, tRAS = tRAS 
MlN.— lps) 

■ 

400 

pA 

3,6 

liW 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 VSV|nS 6.5V, All Other Pins Not Under Test = 0V) 

-10 

10 

pA 

B 

l0(L) 

OUTPUT LEAKAGE CURRENT 
(DouT is disabled, OVS VqutSS.SV) 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

Output “H* Level Voltage(1 out= -2.5mA) 

ig 

IB 

B 

ilHI 

VoL 

OUTPUT LEVEL 

Output "L* Level Voltage (Iqut® 2.1mA) 

- 

B 

B 

g 
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TC511665BJL/BZL-80, TC511665BJL/BZL-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V ± 10%, Ta = 0~70'’c)(Notes 7, 


SYMBOL 

T 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tRMW 

Read-Modify-Write Cycle Time 

^PC 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify-Write Cycle Time 

tRAC 

Access Time from (lAS 

tCAC 

Access Time from CaS 

tAA 

Access Time from Column Address 

tCPA 

Access Time from CAS Precharge 

tCLZ 

CAS to Output in Low-2 

toFF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

tRP 

Precharge Time 

tRAS 

RAS Pulse Width 

tRASP 

RaS Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

^CSH 

Hold Time 

^CAS 

CAS Pulse Width 

tRCO 

RAS to CaS Delay Time 

tRAD 

RAS to Column Address Delay Time 

tCRP 

CAS to RaS Precharge Time 

tcp 

CAS Precharge Time 

^ASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

tAR 

Column Address Hold Time referenced to RAS 

tRAL 

Column Address to RAS Lead Time 

tRCS 

Read Command Set-Up Time 

tRCH 

Read Command Hold Time 

Irrh 

Read Command Hold Time referenced to Ra5 

twCH 

Write Command Hold Time 

twCR 

Write Command Hold Time referenced to RAS 

twp 

Write Command Pulse Width 

tRWt 

Write Command to RA$ Lead Time 

^eWL 

Write Command to CaS Lead Time 

^DS 

Data Set-Up Time 

toH 

Data Hold Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) __ 


SYMBOL 

PARAMETER 

TC511665BJLyBZL-80 

TC511665BJiyBZL-10 

UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

tOHR 

Data Hold Time referenced to RAS 

55 

- 

65 

- 

■9 


tREF 

Refresh Period 

- 

32 


32 

warn 


twcs 

Write Command Set-UP Time 

0 

- 

0 

- 

w 

14 

tcwo 

dAS to WE Delay Time 

50 

- 

65 

- 

■a 

14 

tRWD 

RAS to WI Delay Time 

100 

- 

130 

- 

■a 

14 

tcPWD 

CAS Precharge to WE Delay Time (Fast Page .Mode) 

70 

- 

90 

- 

■9 

14 

tAWD 

Column Address to WE Delay Time 

65 

- 

85 

- 

■a 

14 

kSR 

dAS Set-Up Time (CAS before RAS Cycle) 

5 

- 

5 

- 

la 


tCHR 

CAS Hold Time (CAS before RAS Cycle) 

10 

- 

10 

- 

■a 


tRPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

la 


tcPT 

CAS Precharge Time (CAS before RAS Counter Test Cycle) 

40 

- 

40 


■a 


tROH 

RAS Hold Time referenced to SE 

10 

- 

10 

- 

■1 


toEA 

(5E Access Time 

- 

25 

- 

30 

■a 

10 

^OED 

SE to Data Delay 

10 

- 

20 

- 

■a 


tOE2 

Output Buffer Turn Off Delay Time fromGE 

0 

10 


20 

■a 

11 

tOEH 

SE Command Hold Time 

10 

- 

20 

- 

m 


kjos 

Output Disable Set-Up Time 

ilBli 

- 

0 

- 

rai 


^WBS 

Write Per Bit Set-Up Time 

0 

- 

0 

- 

la 


twBH 

Write Per Bit Hold Time 

10 

- 

10 

- 

■a 


twDS 

Write Per Bit Selection Set-Up Time 

0 

- 

0 

- 

lO 


twOH 

Write Per Bit Selection Hold Time 

10 

- 

10 

- 

iia 

IBI 


CAPACITANCE (Vcc = 5V + 10%, f = 1 MHz, Ta = 0~70’C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C| 

Input Capacitance (A0~A7, RA5, US, W8/WE, OE) 

- 

7 

PF 

Co 

Input/Output Capacitance (W1/101—W16/1016) 

- 

7 

PF 
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TC511665BJL/BZL-80, TC511665BJL/BZL-10 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. ICC3. ICC 4 > ICC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while RAS=Vil and CAS=Vih. 

6. tRAS (max.) = Ips is only applied to refresh of battery-back up. 
tRAS (max.) = 10ps is applied to functional operating. 

7. An initial pause of 2p0ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before KaS refresh cycles instead of 8 RaS only refresh cycles are required. 

8. AC measurements assume tT=5ns. 

9. V]H (min.) and Vjl (max.) are reference levels for measuring timing of input signals. 

Also, transition times are measured between Vih and Vil. 

10. Measured with a load equivalent to 1 TTL load and 60pF. 

11. toFF (max.) and toEZ (max.) define the time at which the outputs achieve the open circuit condition 
and are not referenced to output voltage levels. 

12. Either tRCH or tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to (WE/ ) WE 
leading edge in read-modify-write cycles. 

14. t\vcs. tRWDi tcWDi tAWD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twCS— twCS (min.) the cycle is an early write 
cycle and data out pins will remain open circuit (high impedance) through the entire cycle; If 
tRWD^tRWD(min.), tcWD^ tcwD (min.), tAWD^ tAWD (min.) and tcPWD^tcpWD (min.), the cycle is a 
read-modify-write cycle and the data out will contain data read from the selected cell: If neither 
of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRCD(max.)is specified 
as a reference point only: If tRCD is greater than the specified tRCD (max.) limit, then access time 
is controlled by tCAC- 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) is specified 
as a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time 
is controlled by tAA- 
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FAST PAGE MODE READ CYCLE 
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TC511665BJL/BZL-80, TC51 1665BjL/B^L-10 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



Note; Dout = OPEN 


"H* or "L' 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TC511665BJL/BZL 
are multiplexed onto the 8 address inputs and latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 8 row address bits into the chip. The 
second clock, the Column. Address Strobe (CA$), subsequently latches the 8 column address bits into 
the chip. Each of these signals, RAS and CAS triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the CA$ clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The “gated CAS” feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 


Data Inputs 

A write cycle is performed by bringing (WB/) WE low during the RAS/CAS operation. The falling 
edge of CAS or (WB/) WE strobes data on (Wi/)IOi into the on-chip data latch. To make use of the 
write-per-bit capability WB (/WE) must be low as RAS falls. In this case data bits to which the write 
operation is applied can be specified by keeping Wi (/lOi) high with set-up and hold times referenced to 
the RAS negative transition. For those data bits of Wi (/lOi) that are kept low "as RAS falls the write 
operation is inhibited on the chip. If WB(/WE) is high as RAS falls, the write-per-bit capability does 
not work and the write operation is performed for all four data bits. 


Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out of a standard TTL 
load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 
'CAS is brought low. In a read cycle the outputs go active after the access time interval tRAC and 
tOEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and OE 
are low. CAS or DE going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The Z5E controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the OE input is brought to a logical low level, the output buffers are enabled. Both CAS and 
OE can control the outputs. Thus in a read operation, either OE or CAS returning high forces the 
outputs into the high impedance state. 
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ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row addresses (A0~A7) within each 4 millisecond time interval. Although any normal memory cycle 
will perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles, 
RAS only refresh results in a substantial reduction in operating power. This reduction in power is 
reflected in the IcC3 specification. 

HKS BEFORE RAg REFRESH 

CAS before RAS refreshing available on the TC511665BJL/BZL offers an alternate refresh method. 
If CAS is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh control 
clock generations and the refresh address counter are enabled, and an internal refresh operation takes 
place. After the refresh operation is performed, the refresh address counter is automatically 
incremented in preparation for the next CaS before RAS refresh operation. 

FAST PAGE MODE 

The “Fast Page Mode” feature of the TC511665BJL/BZL allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This “Fast page Mode" 
of operation will not dissipate the power associated with the negative going edge of RAS. Also, the 
time required for strobing in a new address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 

An optional feature of the TC511665BJL/BZL is that refresh cycles may be performed while 
maintaining valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CAS at Vil and taking RAS high and after a specified precharge period (tRp), 
executing a CAS before RAS refresh cycle, (see Figure below) 



This feature allows a refresh cycle to be “Hidden” among data cycles without affecting the data 
availability. 
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UaS before raS refresh counter test 

The internal refresh operation of TC511665BJL/BZL can be tested by “CAS BEFORE RAS REFRESH 
COUNTER TEST”. This cycle performs READ/WRITE operation taking the internal counter address 
as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

® Write “0” into all the memory cells at normal write mode. 

® Select one certain column address and read “0” out and write “1” in each cell by performing 
“CaS BEFORE EAg REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)". 

Repeat this operation 256 times. 

® Check “1” out of 256 bits at normal read "mode, which was written at ©. 

® Using the same column as (D, read “1” out and write “0” in each cell performing “CaS BEFORE 
RAS REFRESH COUNTER TEST”. Repeat this operation 256 times. 

® Check “0” out of 256 bits at normal read mode, which was written at ®. 

® Perform the above ® to ® to the complement data. 
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262,144 WORDSX8 BIT DYNAMIC RAM MODULE 
DESCRIPTION 


PRELIMINARY 


The THM82500AS is a 262,144 words by 8 bits dynamic RAM module which assembled 2 pcs of 
TC514256AJ on the printed circuit board. The THM82500AS is optimized for application to the 
systems which are required high density and large capacity such as main memory of the computers 
and as image memory systems, and to the others which are requested compact size. 


FEATURES 

• 262,144words by 8 bits organization 

• Fast access time and cycle time 




THM82S000 

THM82500 

THM82500 



AS-70 

AS-80 

AS-10 

tRAC 

RAS Access Time 

70ns 

80ns 

lOOns 

tAA 

Column Address 

Access Time 

35ns 

40ns 

50n$ 

kAC 

CAS Access Time 

20ns 

20ns 

25n$ 

tRC 

Cycle Time 

130ns 

150ns 

180n$ 

tpc 

Fast Page Mode 
Cycle Time 

40ns 

45ns 

S5ns 


Single power supply of 5V±10% 

Low power 

880mW MAX. Operating (THMxxxxxx-70) 
770mW MAX. Operating (THMxxxxxx-80) 
660mW MAX. Operating (THMxxxxxx-10) 
llmW MAX. Standby 

CAS before RAS refresh, RAS only refresh, 
Hidden refresh, and Fast Page Mode 
capability. 

All inputs and outputs TTL compatible 
512 refresh cycles/ 4ms 
Tin-Lead Contact :THM82500AS-70, 80, 10 
Gold Contact :THM82500ASG-70, 80, 10 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 


VCC 0) 
CaT (2) 
DQO (3) 
AO <4) 
A1 (5) 
DQl (6) 
A2 (7) 
A3 (8) 
VSS (9) 
DQ2 (10) 
A4 (11) 
AS (12) 
OQ3 (13) 
A6 (14) 
A7 (15) 
DQ4 (16) 
A8 (17) 
N.C. (18) 
N.C. (19) 
DOS (20) 
W (21) 
VSS (22) 
OQ6 (23) 
N.C. (24) 
DQ7 (25) 
N.C. (26) 
RAS (27) 
N.C. (28) 
N.C. (29) 
VCC (30) 


O 


D 

□ 

D 

O 

□ 

D 

□ 

O 

D 

a 

□ 

□ 

a 

a 

□ 

□ 

□ 

a 

D 

□ 

a 

□ 

□ 

□ 

a 

□ 

□ 

D 

D 

□ 



o 


A0~A8 

Address Inputs 

DQ0~DQ7 

Data Input/Outputs 

Ca? 

Column Address Strobe 


Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (+ 5V) 

Vss 

Ground 

NC 

No Connection 


4 
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THM82500AS-70, 80, 10 
THM82500ASG-70, 80, 10 


BLOCK DIAGRAM 
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THM82500AS-70, 80, 10 
THM82500ASG-70, 80, 10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V|N 

-1.0~7.0 

V 

1 

Output Voltage 

VOUT 

b 

1 

b 

V 

1 

Power Supply Voltage 

Vcc 

-1.0-7.0 

V 

1 

Operating Temperature 

Tqpr 

0-70 

•c 

1 

Storage Temperature 

ISTG 

-55-125 

•c 


Soldering Temperature‘Time 

Tsolder 

260-10 

*C • sec 


Power Dissipation 

Pd 

1.2 

W 

1 

Short Circuit Output Current 

■out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°a 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

warn 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS = 5V110%. Ta»0~70*O 


SYMBOL 

parameter 

MIN. 

MAX. 

UNIT 

NOTES 

Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAi, tAS, Address Cycling: tRc = tRcMIN.) 

THM82500AS-70 

_ 

160 

mA 

m 

THM82500AS-80 

_ 

140 

THM82500AS-10 

- 

120 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RA? = eS? = V|h) 

■ 

H 

mA 

■ 

Icc3 

RA5 only refresh CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, ?IaS = V|h: tRc = tRcMIN.) 

THM82S00AS-70 

- 

160 

mA 

3 

THM82S00AS-80 

- 

140 

THM82500AS-10 

- 

120 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = Vii., CaS. Address Cycling: tpc = tpc MIN.) 

THM82500AS-70 

- 

120 

mA 

B 

THM82500AS-80 

- 

100 

THM82500AS-10 

- 

80 

Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(RaJ = Ca? = Vcc-0.2V) 

■ 

2 

mA 


ICC6 

CaJ BEFORE Ia5 REFRESH CURRENT 

Average Power Supply Current, CaS Before RaS 

Mode (RAS, CaS Cycling; tRc=tRcMlN.) 

THM82500AS-70 

- 

160 

mA 


THM82500AS-80 

- 

140 

THM82500AS-10 

- 

120 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OVSViN^e.SV, All Other Pins Not Under Te$t = OV) 

-20 

20 

pA 


'O(L) 

OUTPUT LEAKAGE CURRENT 

(OouT 15 disabled, OVSVout^S.SV) 

-10 

10 

pA 


VoH 

OUTPUT LEVEL 

Output "H' Level Voltage (Iout= -5mA) 

g 

■ 

B 


VoL 

OUTPUT LEVEL 

Output “L* Level Voltage (lour »4-2mA) 

■ 

D 

B 
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ELECTRICAL CHARACTERISTICS AND 


SYMBOL 

PARAMETER 

tRC 

Random, Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from RAS 

^CAC 

Access Time from CAS 

Laa 

Access Time from Column Address 

tCPA 

Access Time from CaS Precharge 

tCLZ 

CaS to output in Low-Z 

tOPF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

Lrp 

RAS Precharge Time 

tRAS 

RaS Pulse Width 

tRASP 

RA5 Pulse Width (Fast Page Mode) 

tRSH 

RA4 Hold Time 

kSH 

Ca 5 Hold Time 

tCAS 

CaJ Pulse Width 

tRCD 

RaS to CaS Delay Time 

^RAO 

rAS to Column Address Delay Time 

tCRP 

CAS to Ra 5 Precharge Time 

tCP 

CAS Precharge Time (Fast Page Mode) 

USR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

kAH 

Column Address Hold Time 

tAR 

Column Address Hold Time referenced 

to RAS 

tRAL 

Column Address to RaS Lead Time 

tRCS 

Read Command Set-Up Time 

Irch 

Read Command Hold Time 

tRRH 

Read Command Hold Time referenced 

to Sa5 

twCH 

Write Command Hold Time 

twCR 

Write Command Hold Time referenced 

to m 
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ZOMMENDED AC OPERATING CONDITIONS 

(Vrr = 5V± 10%, Ta = 0~70°CHNotes5. 6. 7) 


THM82S00AS-70 

THM82500AS-80 

THM82500AS-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

130 

- 

150 

- 

180 

- 

m 


40 

- 

45 

- 

55 

- 

m 


- 

70 

“ 

80 

- 

100 

m 

8, 13 

- 

20 

- 

20 

- 

25 

D 

8, 13 

- 

35 

- 

40 

- 

50 

D 

8, 14 

- 

35 

- 

40 

- 

50 

^9 

8 

0 

- 

0 

- 

0 

' 

D 

8 

0 

20 

■■ 

20 

n 

20 

D 

9 

3 

SO 

3 

50 

3 

50 

D 

7 

50 

- 

60 

- 

70 

- 

m 


70 

10,000 

80 

10,000 

100 

10,000 

m 


70 

100,000 

80 

100,000 

100 

100,000 

D 


20 

- 

20 

- 

25 

- 

19 


70 

- 

80 

- 

100 

- 

o 


20 

10,000 

20 

10,000 

25 

10,000 

m 


20 

50 

20 

60 

•25 

75 

m 

13 

15 

35 

15 

40 

20 

50 

m 

14 

5 

• - 

5 

- 

10 

- 

19 


10 

- 

10 

- 

10 

- 

m 


0 

- 


- 

mm 

- 

■9 


10 

- 

10 

- 

15 

- 

■9 


0 

- 

0 

- 

0 

- 

99 


15 

- 

15 

- 

20 

- 

19 


55 

- 

60 

- 

75 

- 

ns 


35 

- 

40 

- 

50 

- 

19 


Hi 

- 

m 

- 

0 

- 

19 


0 

- 

0 

- 

in 


:B9i 

10 

0 

- 

0 

- 

0 

- 

ns 

10 

15 

- 

15 

- 

20 

- 

IS 


55 

- 

60 

■ - 

75 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMeNDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THM82S00AS-70 

THM82500AS-80 

THM82500AS-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 

15 

- 

20 

- 

m 


tRWL 

Write Command to RAi Lead Time 

20 

- 

20 

- 

25 

- 

D 


tCWL 

Write Command to CaS Lead Time 

20 


20 

- 

25 

- 

m 


^DS 

Data Set-Up Time 

0 

B 

0 

- 

0 

- 

m 

11 

ton 

Data Hold Time 

15 

- 

15 

- 

20 

- 

D 

11 

tOHR 

Data Hold Time referenced to RAS 

55 

- 

60 

- 

75 

- 

D 


tREF 

Refresh Period 

m 

8 

- 

8 

- 

8 

HHQH 


'wcs 

Write Command Set-UP Time 

B 

- 

0 

- 

n 

- 

ra 

12 

kSR 

CAS Set-Up Time (CaS before RaS Cycle) 

10 

- 

10 

- 

10 

- 

D 


kHR 

Ca 5 Hold Time (CAS before RAS Cycle) 

30 

- 

30 

- 

30 

- 

D 


tRPC 

RaS to CaS Precharge Time 

0 

- 

0 

- 

0 

- 

■1 


tCPT 

CaS Precharge Time (CaS before RaS 
Counter Test Cycle) 

40 

- 

40 

- 

50 

- 

ns 



CAPACITANCE (Vrr = 5V± 10%,f = IMH 2 ,Ta = 0->70”C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cm 

Input Capacitance (AO-AS, W, CAS, RAS) 

- 

25 

PF 

Cdq 

Input Capacitance (OQO~DQ7) 

- 

12 

PF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. ICC3. ICC 4 . ICC6 depend on cycle rate. 

4. Iccii ICC4 depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 
RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. Vni(min.) and ViL(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vu^. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFFlniax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tgcH or tgRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twcsStwCS(niin.), the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance). 

13. Operation within the tRcoCmax.) limit insures that tRAC(niax.) can be met. 

tRCOImax.) is specified as a reference point only: If tRCD js greater than the specified tRCoimax.) 
limit, then access time is controlled by tcAC* 

14. Operation within the tRAoCmax.) limit, insures that tRAcCmax.) can be met. 

tRAD(niax.) is specified as a reference point only: If Iraq is greater than the specified tRAoCmax.) 
limit, then access time is controlled by Iaa- 
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READ CYCLE 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY -WRITE; 
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BEFORE REFRESH CYCLE 
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• THM82500AS •THM82500ASQ 

DETAIL OF CONTACTS DETAIL OF CONTACTS 



Contacts: Tin-Lead Contacts: Gold 


r 

L‘ 
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262,144 WORDS x 9 BIT DYNAMIC RAM MODULE 


;DESCRI?TION 

The TKM92500AS is a 262,144 words by 9 bits dynamic RAM module which assembled 2 pcs 
of TC514256AJ and 1 pcs of TMM51256T on the printed circuit board. 

The THI-I92500AS is optimized for application to the systems which are required high 
density and large capacity such as main memory of the computers and an image memory 
systems, and to the others which are requested compact size. 


FEATURES I 


• 262,144 words by 9 bits organization 

• Fast access time 



THM92500AS-70 

THM92500AS-80 

THM92500AS-10 

CRAC 

RAS Access Time 

70ns 

80ns 

100ns 

^A-A 

Column Address Access Time 

35ns 

40ns 

50ns 

t^CAC 

CAS Access Time 

20ns 

20ns 

25ns 

crc 

Cycle Time 

130ns 

150ns 

180ns 

^?C 

Fast Page Mode Cycle Time 

40ns 

45ns 

55ns 


• Single power supply of 5VilO% 

• Low power 

1320niW MAX. Operating(TK-192500AS-70) 
1155mW MAX. Operating(THM92500AS-80) 
990mW MAX. Operating(THM92500AS-10) 
16.5nW MAX. Standby 


• CAS before RAS refresh, RAS only refresh. 

Hidden refresh, and Fast Page Mode 
capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/4ms 


iPIN coiinectIM] 



IPIN names! 


AO'''A8 

Address Inputs 

DQO DQ7 

Data Input/Outputs 

D8 

Data Input 

Q8 

Data Output 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

w 

Read/Write Input 

CAS8 

Column Address Strobe 

vcc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 


Input Voltage 


Output Voltage 


Power Supply Voltage 


Operatir^g Temperature 


Storage Temperature 


Soldering Temperature • Time 


Power Dissipation 

■ 

Short Circuit Output Current 

■ 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

RATING 

UNITS 

ViN 

-l.Ox 7.0 

V 

VOUT 

o 

o 

1 

V 

Vcc 

-I-O-u 7.0 

V 

Topr 

O-v 70 

“C 

Tstg 

-55'^. 125 

*C 

Tsolder 

260 • 10 

“C • sec 

i^S 

1.8 

W 


50 

mA 




SYMBOL 

PARAMETER 

'■'CC 

Supply Voltage 

ViH 

Input High Voltage 

ViL 

Input Low Voltage 



DC ELECTRICAL CHARACTERISTICS (Vcc*5VilO%, Ta=0'\'70“C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

^CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(.RXS, CAS, Address Cycling; C{^c=tRc MIN.) 

T1IM92500AS-70 

- 

240 

mA 

B 

THN(92 500AS-80 

- 

210 

T1IM92500AS-10 


180 

■ 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vih) 

B 

6 

mA 

B 

TcC3 

RAS only REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vih: tRc=t:RC MIN.) 

TUM92500AS-70 

- 

240 

mA 

3 

TIIM92500AS-80 

- 

210 

T1LM92500AS-I0 

- 

180 

^CC4 

FAST PAGE MODE 

Average Power Supply Current, Fast Page Mode 
(RAS=Vjl. CAS Address Cycling; tpc«tpc MIN.) 

TIIM92500AS-70 

- 

180 

mA 

B 

T1IM92 500AS-80 

- 

150 

T1IM92 500AS-10 

- 

120 

kC5 

STAL'D BY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vcc-0.2V) 

B 

3 

mA 

B 

*CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: Cpc^tRQ MIN.) 

T1IM92 500AS-7 0 

_ 

240 

mA 

3 

TI1M92 500AS-80 

- 

210 

TIIM92 500AS-10 

- 

180 

Il(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV < Vjj^ < 6.5V, All Other Pins not under Test»0V) 

-30 

30 

pA 

fl 

^O(L) 

OUTPUT LEAKAGE 

(DquT is disabled, OV=VquT= 5.5V) 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (lQU'j'»-5mA) 

2.4 

- 

V 

■ 

^OL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iguj»4.2niA) 

- 

Q| 

m 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta=0'''TCC) (Notes 5, 6, 7) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


TW192500AS 


S'lTMBOL 

PARAMETER 

t^WCR 

Write Command Hold Time re¬ 
ferenced to RAS 

tWP 

Write Command Pulse Width 


Write Command to RAS Lead 

Time 

'^CWL 

Write Command to CAS Lead 

Time 

CDS 

Data Set-Up Time 

cdh 

Data Hold Time 

'^DHR 

Data Hold Time referenced to 

^REF 

Refresh Period 

CWCS i 

Write Command Set-Up Time 

1 

*^CSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

'^CHR 

CAS Hold Time 

(CAS before RAS Cycle) 

crpc 

RAS to CAS Precharge Time 

CCPT 

!CAS Precharge Time (CAS before 
RAS Counter Test Cycle) 

CCPN 

CAS Precharge Time 



CAPACITANCE (Vcc=5VilO%, Ta=0''-70“C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (AO-x-AS, W, CAS, RAS, CASS, D8) 

- 

21 

pF 

Cdq 

I/O Capacitance (DQO DQ7 , Q8) 

- 

7 

PF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause per¬ 
manent damage to the device. 

2. All voltages are referenced to Vss* 

^CC1» ^CC3» ^CC4» ^CC6 depend on cycle rate. 

4. lcCl> ^CC4 depend on output loading. Specified values are obtained with the output 
open. 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles before 
proper device operation is achieved. In case of using internal refresh counter, a 
minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are re¬ 
quired. 

6. AC measurements assume t^-*5ns. 

7. Vjp_(min.) and VjL(n'ax.) are reference levels for measuring timing of input signals. 
Also, transition times are measured between Vjp and Vil. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQppCmax.) defines the time at which the output achieves the open circuit condition 
and is not referenced to output voltage levels. 

10. Either t^cp or tppp must be satisfied for a read cycle. 

t — 

11. These parameters are referenced to CAS leading edge. 

^WCS restrictive operating parameters. This is Included the data sheet as 

electrical characteristics only. If ty^^g» cycle is an early write 

cycle and data out pin will remain open circuit (high Impedance). 

13. Operation within the insures that tR^cC®^**) ®®t* 

tpcD^®®*’) is specified as a reference point only; If tRQp is greater than the 
specified tpQjCmax.) limit, then access time is controlled by 

14. Operation within the tp^Cmax.) limit insures that tp^^Cmax.) can be met. 

CpAD^®®’^*) is specified as a reference point only: If tp^^ is greater than the 
specified tj^(max.) limit, then access time is controlled by t^. 
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READ U'RITE CYCLE 
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FAST PAGE MODE READ CYCLE 


‘rasp 
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FAST PAGE MODE WRITE CYCLE 
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Note: WRITE-"H" or "L" ^: "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 
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OUTLINE DRAWINGS 

THM92500AS 


Unit in mm 


8 8.9 0 ± 0.1 3 
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262,144 WORDSX9 BIT DYNAMIC RAM MODULE 
DESCRIPTION 


PRELIMINARY 


The THM92500BS is a 262,144 words by 9 bits dynamic RAM module which assembled 2 pcs of 
TC514256BJ and Ipcs of TC51256T on the printed circuit board. The THM92500BS is optimized for 
application to the systems which are required high density and large capacity such as main memory of 
the computers and as image memory systems, and to the others which are requested compact size. 


FEATURES 

• Single power supply of 5V±10% 

• Low power 
l,485mW MAX. Operating 

16.5mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh. 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/ 4ms (Burst Refresh) 

• 512 refresh cycles/ Sms (Distributed Refresh) 

• Tin-Lead Contact: THM92500BS — 60 

• Gold Contact :THM92500BSG-60 


• 262,144words by 9 bits organization 

• Fast access time and cycle time 



THM92500BS/BSG-60 

tRAC RAS Access Time 

60ns 

tAA Column Address 
Access Time 

30ns 

kAC CAS Access Time 

20ns 

tRc Cycle Time 

115ns 

tpc Fast Page Mode 
Cycle Time 

40ns 


PIN CONNECTION (TOP VIEW) PIN NAMES 



A0~A8 

Address Inputs 

DQO-DQ? 

Data Input/Outputs 

D8 

Data Input 

Q8 

Data Output 

CAS 

Column Address Strobe 

IEa? 

Row Address Strobe 

W 

ReadA/Vrite Input 

CaSb 

Column Address Strobe 

Vcc 

Power {+ 5V) 

Vss 

Ground 

NC 

No Connection 


B-35 









THM92500BS-60 

THMg2500BSG-60 


BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V|N 

o 

o 

1 

V 

1 

Output Voltage 

VOUT 

-1.0-7.0 

V 

1 

Power Supply Voltage 

Vcc 

o 

o 

I 

V 

1 

Operating Temperature 

Topr 

0-70 

°C 

1 

Storage Temperature 

Tstg 

-55-125 

-c 

1 

Soldering Temperature-Time 

Tsolder 

260-10 

°C • sec 

1 

Power Dissipation 

Pd 

1.8 

W 

1 

Short Circuit Output Current 

■out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°a 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr =:5V± 10%. Ta = 0~70°0 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 1 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAi, CAi, Address Cycling: tRc = tRcMIN. ) 

■ 

270 

mA 

B 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5 = Cas = V|h) 

■ 

6 

mA 


ICC3 

ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode (RAS 
Cycling, CAS = V|h: tRc = tRcMIN. ) 

■ 

270 

mA 

3 

lc« 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = \/|i., CAS Address Cycling; tpc*tpcMIN. ) 

■ 

180 

mA 

B 

Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = Cas = Vcc-0.2V) 

- 

3 

mA 


ICC6 

Ca5 BEFORE RA5 REFRESH CURRENT 

Average Power Supply Current, CA$ Before Ra$ Mode 
(RA5, CaI Cycling: tRc = tRcMIN.) 

■ 

270 

mA 

3 

•la) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 VSVinS 6.5V, All Other Pins Not Under Test = 0V) 

-30 

30 

pA 

■ 

lo(L) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OVS VqutS 5.5V) 

- 10 

to 

pA 


Vqh 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 

B 

B 

B 

HI 

VoL 

OUTPUT LEVEL 

Output "L* Level Voltage (louT = '*-2mA) 


B 

B 

H 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


Vrr = 5V±10%, Ta = 0~70°C)(Notes5, 6, 7 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from RAS 

^CAC 

Access Time from CAS 

^AA 

Access Time from Column Address 

■tCPA 

Access Time from Cas Precharge 

tCLZ 

CAS to output in Low-Z 

tOFF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

tRAS 

Ms Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

tRSH 

M5 Hold Time 

tcSH 

CAS Hold Time 

tCAS 

Pulse Width 

tRCO 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay Time 

tCRP 

CAS to RAS Precharge Time 

tCP 

CAS Precharge Time (Fast Page Mode) 

USR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

tASC 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

'ar 

Column Address Hold Time referenced to RAS 

tRAL 

Column Address to RAS Lead Time 

tRCS 

Read Command Set-Up Time 

tRCH 

Read Command Hold Time ■ 

tRRH 

Read Command Hold Time referenced to RAS 

twCH 

Write Command Hold Time 

twCR 

Write Command Hold Time referenced to RAS 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTES 

twp 

Write Command Pulse Width 

15 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

20 

- 

ns 


kwL 

Write Command to CAS Lead Time 

20 


ns 


tos 

Data Set-Up Time 

0 

■ - 

ns 

11 

tOH 

Data Hold Time 

15 

- 

ns 

11 

toHR 

Data Hold Time referenced to RA5 

50 

- 

ns 


tREF 

Refresh Period 

- 

8 

ms 


twcs 

Write Command Set-UP Time 

0 

- 

ns 

12 

tcSR 

CAS Set-Up Time (CAS before RA5 Cycle) 

5 

- 

ns 


kHR 

CAS Hold Time (CaS before RAS Cycle) 

15 

- 

ns 


tRPC 

RAS to CAS Precharge Time 

0 

- 

ns 


tCPT 

CAS Precharge Time (CAS before RAS Counter Test 
Cycle) 

40 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%. f = 1 MHz. Ta = 0-70T) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C|i 

Input Capacitance (A0~A8, W, CAS, RAS) 

- 

27 

pf 

C|2 

Input Capacitance (D8,CAS8) 

- 

10 

PF 

Cdq 

Input Capacitance (DQ0~DQ7) 

- 

15 

PF 

Cq 

Input Capacitance (Q8) 

- 

10 

PF 
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THMg2500BS-60 

THMg2500BSG-60 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. ICC3, ICC4. ICC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 
RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT = 5ns. 

7. ViH(min.) and ViLimax.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vni and Vjl. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF, 

9. toFF(niax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tRCH or Irrh must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twcS—twcs(min.), the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance). 

13. Operation within the tRCD(max.) limit insures that tRACi^r^ax.) can be met. 

tRCD(max.) is specified as a reference point only: If tRCD is greater than the specified tRCD(max.) 
limit, then access time is controlled by tcAC* 

14. Operation within the tRAoCmax.) limit, insures that tRAC(max.) can be met. 

tRAD(max.) is specified as a reference point only: If tRAD is greater than the specified tRAD(max.) 
limit, then access time is controlled by tAA- 
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THM92500BSG-60 


READ CYCLE 
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EARLY WRITE CYCLE 
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THM92500BSG-60 


FAST PAGE MODE READ CYCLE 


I 








FAST PAGE MODE WRITE CYCLE (EARLY 



Q8 


VoH 

VoL 


THMg2500BS-60 
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THM92500BSG-60 


ESS ONLY RKFRESH CYCLE 


_ V,„- 

RAS ViL - 


CSS ViL _ 


V|H 

A0~A8 ViL 




7 


Usn Wh 


5 


DQ0~ ^OH' 
DQ7,Q8 VoL • 


Note: writs = ”H' or "L" 
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HIDDEN REFRESH CYCLE (READ) 


I 
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• THM92500BS •THM92500BSG 

DETAIL OF CONTACTS DETAIL OF CONTACTS 



Contacts: Tin-Lead Contacts: Gold 
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NOTES 





1,048,576 WORDSX8 BIT DYNAMIC RAM MODULE 
DESCRIPTION 


PRELIMINARY 


The THM81000AS/ASG/AL is a 1,048,576 words by 8 bits dynamic RAM module which assembled 8 
pcs of TC511000AJ on the printed circuit board. The THM81000AS/AL is optimized for application to 
the systems which are required high density and large capacity such as main memory of the computers 
and as image memory systems, and to the others which are requested compact size. 


FEATURES 

• 1,048,576 words by 8 bits organization 

• Fast access time and cycle time 




THM81000 

THM81000 

THM81000 



AS-70 

AS-80 

AS-10 

tRAC 

RAS Access Time 

70ns 

80ns 

lOOns 

■Iaa 

Column Address 

Access Time 

35ns 

40ns 

50ns 

tCAC 

CAS Access Time 

20ns 

20ns 

25ns 

tRC 

Cycle Time 

130ns 

150ns 

180ns 

tpc 

Fast Page Mode 
Cycle Time 

40ns 

45ns 

55ns 


Single power supply of 5V±10% 

Low power 

3,520mW MAX. Operating (THMxxxxxx-70) 
3,080mW MAX. Operating (THMxxxxxx-80) 
2,640mW MAX. Operating (THMxxxxxx-10) 
44.0mW MAX. Standby 
CAS before RAS refresh, RAS only refresh, 
Hidden refresh, and Fast Page Mode 
capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/ 8ms 

• Tin-Lead Contact: THM81000AS-70, 80, 10 


PIN CONNECTION (TOP VIEW) 

THM81000AS THM81000AL THM81020AL 


vcc 

(1) 

□ 

Cat 

(2) 

□ 

DQO 

(3) 

a 

AO 

(4) 

□ 

A1 

(5) 

□ 

DQl 

(6) 

□ 

A2 

(7) 

□ 

A3 

(8) 

□ 

VSS 

(9) 

□ 

DQ2 

(10) 

□ 

A4 

(11) 

□ 

A5 

(12) 

□ 

DQ3 

(13) 

n 

A6 

(14) 

D 

A7 

(15) 

D 

DQ4 

(16) 

□ 

A8 

(17) 

□ 

A9 

(18) 

□ 

N.C. 

(19) 

D 

DQ5 

(20) 

□ 

W 

(21) 

□ 

VSS 

(22) 

□ 

DQ6 

(23) 

a 

N.C. 

(24) 

D 

DQ7 

(25) 

a 

NC 

(26) 

a 

RAS 

(27) 

D 

NC 

(28) 

a 

NC 

(29) 

□ 

VCC 

(30) 

□ 




PIN NAMES 


A0~A9 

Address Inputs 

DQ0~DQ7 

Data Input/Outputs 

tA5 

Column Address Strobe 

Ms 

Row Address Strobe 

W 

ReadAA7rite Input 

Vcc 

Power (+ 5V) 

Vss 

Ground 

IMC 

No Connection 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

o 

o 

1 

V 

1 

Output Voltage 

Vqut 

o 

q 

1 

V 

1 

Power Supply Voltage 

Vcc 

- 1.0~7.0 

V 

1 

Operating Temperature 

Tqpr 

0~70 

°C 

1 

Storage Temperature 

Tstg 

-55-125 

°C 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

°C • sec 

1 

Power Dissipation 

Pd 

4.8 

W 

1 

Short Circuit Output Current 

■out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

In 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5Vj: 10%. Ta = 0~70°Q 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTES 

Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc = tRcMIN.) 

THM81000AS-70 

- 

640 

mA 

■ 

THM81000AS-80 

- 

560 

THM81000AS-10 

- 

480 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5=CAS = V|h) 

■ 

16 

mA 

■ 

ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RA§ Cycling, CA5 = V|h: tRc = tRcMIN.) 

THM81000AS-70 

- 

640 

mA 

3 

THM81000AS-80 

- 

560 

THM81000AS-10 

- 

480 

kc4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(R^A5 =V|l, CAS Address Cycling: tpc = tpcMIN.) 

THM81000AS-70 

_ 

480 

mA 

■ 

THM81000AS-80 

- 

400 

THM81000AS-10 

- 

320 

Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(^ = CAS = Vcc-0.2 V) 

■ 

8 

mA 

■ 

ICC6 

CAS before RA5 REFRESH CURRENT 

Average Power Supply Current, CaS Before RAS 

Mode (RAS, CAS Cycling: tRc = tRcMIN.) 

THM81000AS-70 

- 

640 

mA 

D 

THM81000AS-80 

- 

560 

THM81000AS-10 

- 

480 

‘kd 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVS ViNS6.5V, All Other Pins Not Under Test = OV) 

-80 

80 

pA 

1 

l0(L) 

OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OVS Vqut-5.5V) 

-20 

20 

pA 

B 

Vqh 

OUTPUT LEVEL 

Output “H" Level Voltage (Iout= -5mA) 

B 

B 

V 

B 

Vql 

OUTPUT LEVEL 

Output "L" Level Voltage (louT = 4-2mA) 

B 

B 

B 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vrr = 5V± 10%. Ta = 0-70°C)(Notes5. 6, 7) 


SYMBOL 

PARAMETER 

THM81000AS-70 

THM81000AS-80 

THM81000AS-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

130 

- 

150 

- 

180 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

40 

- 

45 

- 

55 

- 

ns 


tRAC 

Access Time from RA? 

- 

70 

- 

80 

- 

100 

ns 

8, 13 

tCAC 

Access Time from CAS 

- 

20 

- 

20 

- 

25 

ns 

8, 13 

Laa 

Access Time from Column Address 

- 

35 

- 

40 

- 

50 

ns 

8, 14 

tCPA 

--- 

Access Time from CAS Precharge 

- 

35 

- 

40 

- 

50 

ns 

8 

tCLZ 

CAS to output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 

8 

toFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

0 

20 

ns 

9 

tT 

Transition Time (Rise and Foil) 

3 

50 

3 

50 

3 

50 

ns 

7 

tRP 

RAS Precharge Time 

50 

- 

60 

- 

70 

- 

ns 


tRAS 

RAS Pulse Width 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


tpASP 

RAS Pulse Width (Fast Page Mode) 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


tRSH 

RAS Hold Time 

20 

- 

20 

- 

25 

- 

ns 


kSH 

CaS Hold Time 

70 

- 

80 

- 

100 

- 

ns 


tCAS 

ZM Pulse Width 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


tRCO 

RAS to CAS Delay Time 

20 

50 

20 

60 

25 

75 

ns 

13 

Iraq 

RAS to Column Address Delay Time 

15 

35 

15 

40 

20 

50 

ns 

14 

tCRP 

CAS to RAS Precharge Time 

5 

- 

5 

- 

10 

- 

ns 


tcp 

Cas Precharge Time (Fast Page Mode) 

10 

- 

10 

- 

10 

- 

ns 


tASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tRAH 

Row Address Hold Time 

10 

- 

10 

- 

15 

- 

ns 


Use 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tCAH 

Column Address Hold Time 

15 

- 

15 

- 

20 

- 

ns 


Ur 

Column Address Hold Time referenced 

to RAS 

55 

- 

60 

- 

75 

- 

ns 


■tRAL 

Column Address to RAS Lead Time 

35 

- 

40 

- 

50 

- 

ns 


^RCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tRCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 

10 

tRRH 

Read Command Hold Time referenced 

to ^ 

0 

- 

0 

- 

0 

- 

ns 

10 

twCH 

Write Command Hold Time 

15 

- 

15 

“a.. 

20 

- 

ns 


twCR 

Write Command Hold Time referenced 

to RA5 

55 

- 

60 

r» 

75 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THM81000AS-70 

THM81000AS-80 

THM81000AS-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 

15 

- 

20 

- 

B1 


tRWL 

Write Command to RAS Lead Time 

20 

- 

20 

- 

25 

- 

19 


kWL 

Write Command to CAS Lead Time 

20 

- 

20 

- 

25 

- 

m 


tos 

Data Set-Up Time 

0 

- 

0 

- 

0 

- 

m 

11 

^DH 

Data Hold Time 

15 

- 

15 

- 

20 

- 

■9 

11 

tOHR 

Data Hold Time referenced to kA5 

55 

- 

60 

- 

75 

- 

19 


tREF 

Refresh Period 

- 

8 

- 

8 

- 

8 

99 


^WCS 

Write Command Set-UP Time 

0 

- 

0 

- 

0 

- 

■9 

12 

tCSR 

CAS Set-Up Time (CAS before RAS Cycle) 

5 

- 

5 

- 

5 

- 

19 


tCHR 

CAS Hold Time (CAS before MS Cycle) 

15 

- 

15 

- 

15 

- 

19 


tRPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

0 

- 

19 


kPT 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 

40 

- 

40 

- 

50 

- 

ns 

■ 


CAPACITANCE (Vrr = 5V ± 10% , f = 1MI-lz, Ta - 0-70'^C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 


Input Capacitance (A0~A9, W, CAS, RAS) 

- 

60 

PF 

Cdo 

Input Capacitance (DQO~OQ7) 

- 

15 

pF 


B-58 























































































THM81000AS/AL-70, 80, 10 
THM81020AL-70, 80, 10 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss. 

3. Icci. IcC3. ICC 4 . IcC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 
RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume t'i' = 5ns. 

7. V[ii(min.) and ViL(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil,. 

8. Measured with a load equivalent to 2 ITL loads and lOOpF. 

9. topplmax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tRCH of tuRU must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twcs—twcs(niin.), cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance). 

13. Operation within the tRCD(max.) limit insures that tRAcli^^Eix.) can be met. 

tRCO(uiax.) is specified as a reference point only: If Ircd is greater than the specified tRCu(niax.) 
limit, then access time is controlled by tcAC* 

14. Operation within the tRAOlniax.) limit, insures that tRAcC^iax.) can be met. 

tRAD(max.) is specified as a refereirce point only: IftRAD is greater than the specified tRADCmax.) 
limit, then access time is controlled by tAA- 
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READ CYCLE 
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FAST PAGE MODE READ CYCLE 
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RAS ONLY REFRESH CYCLE 






CAS BEFORE RAS REFRESH CYCLE 
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HIDDEN REFRESH CYCLE (READ] 
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OUTLINE DRAWINGS 


• THM81000AS 


88.9 ±0.13 


03.18 + 0.05 

7-J. 


Unit: mm 


[ 5.08MA X. 





































15.64M^X 
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NOTES 



1,048,576 WORDS X 8 BIT DYNAMIC RAM MODULE 
DESCRIPTION 


The THM81000BS/BSG/BL is a 1,048,576 words by 8 bits dynamic RAM module which assembled 8 
pcs of TC511000BJ on the printed circuit board. The THM81000BS / BSG / BL is optimized for 
application to the systems which are required high density and large capacity such as main memory of 
the computers and as image memory systems, and to the others which are requested compact size. 


FEATURES 

• 1,048,576 words by 8 bits organization 

• Fast access time and cycle time 



THM81000BS-60 

tRAC RaS Access Time 

60ns 

tAA Column Address 

Access Time 

30ns 

tcAC CAS Access Time 

20ns 

tRc Cycle Time 

110ns 

tpc Fast Page Mode 
Cycle Time 

40ns 


• Single power supply of 5V±10% 

• Low power 

3,960mW MAX. Operating 
44mW MAX. Standby 

• CaS before RAS refresh, RAS only refresh. 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/ Sms 

• Tin-Lead Contact :THM81000BS—60 

• Gold Contact :THM81000BSG-60 


PIN CONNECTION (TOP VIEW) 

THM81000BS/BSG THM810008L THM81020BL 




PIN NAMES 


A0~A9 

Address Inputs 

DQ0~DQ7 

Data Input/Outputs 


Column Address Strobe 


Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (+ 5V) 

Vss 

Ground 

NC 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

V,N 

-1.0~7.0 

V 

1 

Output Voltage 

VouT 

-1.0~7.0 

V 

1 

Power Supply Voltage 

Vcc 

o 

q 

1 

V 

1 

Operating Temperature 

Topr 

0~70 

•c 

1 

Storage Temperature 

Tstg 

-5S~125 

•c 

1 

Soldering Temperature-Time 

Tsoloer 

260-10 

“C • sec 

1 

Power Dissipation 

Po 

4.8 

W 

1 

Short Circuit Output Current 

'out 

SO 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V± 10%, Ta = 0~70°a 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc = tRcMIN.) 


720 

mA 

B 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 

(M5 = c:a? = V|h) 


16 

mA 

B 

Icc3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, Ra 3 Only Mode (RAS 
Cycling, CAS = Vjh: tRc = tRcMIN.) 


720 

mA 

B 

Icc4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = ViL, CAS Address Cycling; tpc = tpcMIN.) 


480 

mA 

B 

iccs 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = eAS = Vcc-0.2 V) 


8 

mA 

B 

ICC6 

ZaS before ^ REFRESH CURRENT 

Average Power Supply Current, CaS Before RA$ Mode 
(RAS, CaS Cycling: tRc = tRcMIN.) 


720 

mA 

B 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OVSVinSB.SV, All Other Pins Not Under Te$t = 0V) 

-80 

80 

pA 

B 

'O(L) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OVS VqutS S.SV) 

-20 

20 

pA 

■ 

VOH 

OUTPUT LEVEL 

Output "H* Level Voltage (Iqut® -5mA) 

B 

B 

B 


VoL 

OUTPUT LEVEL 

Output "L* Level Voltage (louT = 4-2mA) 

B 

B 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


Vrr = 5V ± 10%. Ta = 0~70''CUNotes 5. 6. 7 


PARAMETER 


Random Read or Write Cycle Time 


Fast Page Mode Cycle Time 


Access Time from RAi 


Access Time from CAS 


Access Time from Column Address 


Access Time from CaS Precharge 


CaS to output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


Ra 5 Precharge Time 


(IaS Pulse Width 


Ra 5 Pulse Width (Fast Page Mode) 


RAS Hold Time 


Cfii Hold Time 


CaS Pulse Width 


RA$ to CaS Delay Time 


Ra 5 to Column Address Delay Time 


Ca? to RAS Precharge Time 


US Precharge Time (Fast Page Mode) 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced to RAS 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time referenced to RaS 


Write Command Hold Time 


Write Command Hold Time referenced to RAS 











































































































































THM81OOOBS/BSG/BL-60 
THM81020BL-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTES 

tWP 

Write Command Pulse Width 

10 

- 

ns 


tRWL 

Write Command to RaS Lead Time 

20 

- 

ns 


tcWL 

Write Command to CaS Lead Time 

20 

- 

ns 


tos 

Data Set-Up Time 

0 


ns 

11 

tOH 

Data Hold Time 

IS 

- 

ns 

11 

tOHR 

Data Hold Time referenced to RAS 

50 

- 

ns 


tREF 

Refresh Period 

- 

8 

ms 


^WCS 

Write Command Set-UP Time 

0 

- 

ns 

12 

tCSR 

CAS Set-Up Time (CAS before RAS Cycle) 

5 

- 

ns 


tCHR 

CAS Hold Time (<lAS before RAS Cycle) 

15 

- 

ns 


tRPC 

RAS to CAS Precharge Time 

0 

- 

ns 


tCPT 

CAS Precharge Time (CaS before RAS Counter Test 
Cycle) 

30 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%. f = 1M Hz. Ta s 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cii 

Input Capacitance (AO—AB, W, CS5, RAS) 

- 

60 

PF 

Coo 

Input Capacitance (DQ0~DQ7) 

- 

15 

PF 
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lHMu1020BL-b0 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. IcCl. ICC3. ICC4. ICC6 depend on cycle rate. 

4. Icci. 1CC4 depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 
RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. ViiiCmin.) and ViL,(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFFCmax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twCS— t\vcs(min.), the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance). 

13. Operation within the tRcoCmax.) limit insures that tRAC(max.) can be met. 

tRCoimax.) is specified as a reference point only: If tRCD is greater than the specified tRCD(max.) 
limit, then access time is controlled by tcAC- 

14. Operation within the tRAoCmax.) limit, insures that tRAC(max.) can be met. 

tRAD(max.) is specified as a reference point only: IftRAD is greater than the specified tRAD(max.) 
limit, then access time is controlled by tAA- 




TH M81OOOBS/BSG/BL-60 
THM81020BL-60 


READ CYCLE 












THM81000BS/^G/BL>60 
THM81020BL-60 


EARLY WRITE CYCLE 



B-80 








THM81OOOBS/BSG/BL-60 
THM81020BL-60 


FAST PAGE MODE READ CYCLE 














THM81 OOO^/I^G/BL-60 

lHMBlu20bL-t>U 


FAS T PAG E MOD E WRITE CYCLE (EARLY WRITE) 













THM81OOOBS/BSG/BL-60 
THM81020BL-60 


RA^ ONLY REFRESH CYCLE 








THM81OOOBS/BSG/BL-60 

I niVIO I U^UDL-DU 


^ BEFORE RA5 refresh CYCLE 



“H' or 'L' 


Note: WrITEs'H* or "L*, A0~A9 = 'H* or "L’ 


B-84 





THM81OOOBS/BSG/BL-60 
THM81020BL-60 











THM81OOOBS/BSG/BL-60 
THMol G20BL-60 


HIDDEN REFRESH CYCLE (WRITE: 
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OUTLINE DRAWINGS 


• THM81000BS/BSG 
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• THM81020BL 


Unit; mm 
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NOTES 


1,048,576 WORDSX8 BIT DYNAMIC RAM MODULE 
DESCRIPTION 


The THM81070AS/AL and THM81070AS/AL are a 1,048,576 words by 8 bits dynamic RAM module 
which assembled 2 pcs of TC514400ASJ and 1 pcs of TC511000AJ/BJ on the printed circuit board. 
The These modules are optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 


FEATURES 


1,048,576 words by 8 bits organization 
Fast access time and cycle lime 



-60 

-70 

-80 

-10 

Irac RAS Access Time 

60ns 

70ns 

80ns 

lOOns 

Iaa Column Address 
Access Time 

30ns 

35ns 

40ns 

50ns 

tCAC CAS Access Time 

20ns 

20ns 

20ns 

25ns 

tRc Cycle Time 

110ns 

130ns 

150ns 

180ns 

Ipc Test Page Mode 

Cycle Time 

45ns 

45ns 

50ns 

60ns 


Low Power 

l,815mW MAX. Operating (THMxxxxxx —60) 
l,540mW MAX. Operating (THMxxxxxx —70) 
l,320mW MAX. Operating (THMxxxxxx-80) 
l,155mW MAX. Operating (THMxxxxxx —10) 
16.5mW MAX. Standby 
Single power supply of 5V±10% 

All inputs and outputs ITL compatible 
1,024 refresh cycles/16ms 


• CAS before HAS refresh, RAS only refresh. Hidden refresh and Fast Page Mode capability 

• Package '1TIM81070AS - xx : Tin - Lead Contact 

THM81070AL - xx : 30Pin SIP 


PIN CONNECTION (TOP VIEW) 


THM81070AS THM81070AL 



J 




vcc (1) 

a 

c=CIp 

CAS (2) 

a 


DQO (3) 

□ 

c=:3 

AO (4) 

0 


A1 (5) 

□ 

czCip 

DQt (6) 

a 


A3 (7) 

□ 


A3 (8) 

□ 


V5S (9) 

□ 


DQ2 (10) 

a 


M (11) 

□ 

1 1 

AS (12) 

a 


DQ3 (13) 

a 


A6 (14) 

□ 


A7 (15) 

D 


DQ4 (16) 

□ 

~ 1 1 

A8 (17) 

D 


A9 (18) 

□ 


N.C. (19) 

□ 


OQ5 (20) 

□ 

cidb 

W (21) 

o 


VSS (22) 

D 

crcrp 

DQ6 (23) 

□ 


N.C. (24) 

□ 

*=- ~p 

DQ7 (25) 

□ 


N.C. (26) 

o 


HAS (27) 

□ 

c=Cip 

N.C. (28) 

□ 

c=Cp 

N.C. (29) 

□ 

i--.~p 

VCC (30) 

a 

erdp 


o 

1 - 1 


PIN NAMES 


A0~A9 

Address Inputs 

DQ0-DQ7 

Data Inputs/Outputs 

CA5 

Column Address Strobe 

RA§ 

Row Address Strobe 

W 

ReadA/Vrile Input 

Vcc 

Power (+ 5V) 

Vss 

Ground 

N.C. 

No Connection 
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THM81070AS-60, 70, 80, 10 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

V,N 

- 1.0-7.0 

V 

1 

Output Voltage 

VouT 

-1.0-7.0 

V 

1 

Power Supply Voltage 

Vcc 

- 1.0-7.0 

V 

1 

Operating Temperature 

Topr 

0-70 

"C 

1 

Storage Temperature 

Tstc. 

-55-125 

'C 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

°C • sec 

1 

Power Dissipation 

Po 

1.4 

W 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

mm 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

SB. 

ViL 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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THM81070AS-60, 70, 80, 10 
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DC ELECTRICAL CHARACTERISTICS(Vrr = 5Vi: 10%. Ta=0~70*C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RM, CAS, Address Cycling: lRc=tRC MIN- ) 

THMxxxxxx-SO 


240 

mA 

1 

THMxxxxxx-70 

- 

200 

THMxxxxxx-SO 

Hfl 


THMxxxxxx-10 

bh 


ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(^S = CAS = Vih) 

■ 

■ 

mA 

B 

ICC3 

raS only refresh current 

Average Power Supply Current, RA? Only Mode 
(RAS Cycling, Ca5 = V|h: tRc=lRC MIN. ) 

THMxxxxxv'GO 


240 

mA 

1 

THMxxxxxx-70 

_ 

200 

THMxxxxxX'OO 

_ 

170 

THMxxxxxX'10 

- 

150 

Icc4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V|l, CAS, Address Cycling: tpc = tpc MIN. 1 

THMxxxxxx-GO 

_ 

140 

mA 

H 

THMxxxxxx-70 

- 

140 

THMxxxxxx>80 

- 

120 

THMxxxxxX'10 

- 

no 

kcs 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5 = c5S = Vcc-0.2V) 

■ 

■ 

mA 

■ 

kC6 

CAS BEFORE RA5 REFRESH CURRENT 

Average Power Supply Current, Ca 5 Before RAS 
Mode(RA5, CA^ Cycling: tRc = lnc MIN. ) 

THMxxxxxX'60 

- 

240 

mA 

1 

THMxxxxxx>70 

- 

200 

THMxxxxxx>GO 

- 

170 

THMxxxxxx^lO 

- 

150 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVS VinS 6.5V, All Other Pins Not Under Test = OV) 

-20 

20 

m 

■ 

l0(L) 

OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OVSVoutS 5.5V) 

- 10 

10 

^A 

B 

Vqh 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 

B 

B 

B 

B 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = ''■2mA) 

B 

B 

V 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5Vt 10%, Ta = 0~70”C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

Irac 

Access Time from RA3 

tCAC 

Access Time from CAS 

Ua 

Access Time from Column Address 

kPA 

Access Time from CaS Precharge 

ka 

CAS to Output in Low-Z 

toFF 

Output Buffer Turn-off Delay 

tT 

Transition Time {Rise and Fall) 

tRp 

RAS Precharge Time 

tRAS 

RAS Pulse Width 

Lrasp 

RAS Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

tRHCP 

RaS Hold Time From ?a5 

Precharge (Fast Page Mode) 

kSH 

CaS Hold Time 

tCAS 

CaS Pulse Width 

tRCO 

RaS to CSS Delay Time 

tRAO 

RAS to Column Address Delay 

Time 

tCRP 

CSS to RAS Precharge Time 

tcp 

CAS Precharge Time 

tASR 

1 

Row Address Set-Up Time 

Irah 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

tcAH 

Column Address Hold Time 

Ur 

Column Address Hold Time 
referenced to RAS 

Ual 

Column Address to RaS Lead Time 

Ucs 

Read Command Set-Up Time 

Irch 

Read Command Hold Time 

t-RRH 

Read Command Hold Time 
referenced to RAS 

twCH 

Write Command Hold Time 

twCR 

Write Command Hold Time 

referenced to RAS 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

THMxxxxxx-80 

THMxxxxxx-10 

UNIT 

NOTE 


MAX. 


MAX. 

Qg 

MAX. 


MAX. 

twp 

Write Command Pulse Width 

■ 

- 

■ 

- 

■ 

- 

■ 

- 

D 


t-RWl 

Write Command to RAS Lead Time 

■ 

- 

■ 

- 

■ 

- 

■ 

- 

m 

B, 

kwL 

Write Command to CAS Lead Time 


- 

■ 

- 

■ 

- 

■ 

- 

D 

B 

'os 

Data Set-Up Time 


- 

0 

■i 

0 

- 

■ 

- 

Dj 

12 

'oh 

Data Hold Time 


- 

m 

■■ 

■E 

- 

■ 

- 

m 

12 

'oHR 

Data Hold Time referenced to RAS 

■ 

- 

m 

- 

■ 

- 

■ 

- 

m 


'ref 

Refresh Period 

- 

16 

- 

16 

- 

16 

- 

16 

Q 


'wcs 

Write Command Set-UP Time 

■ 

- 

0 

- 

■ 

- 

0 

- 

D 

13 

'CSR 

Ca 5 Set-Up Time 
(CAS before RA5 Cycle) 

5 

■ 

5 

■ 

5 

■ 

5 

■ 

ns 


'CHR 

CAS Hold Time 
(CA? before R^ Cycle) 

15 

■ 

15 

■ 

IS 

■ 

20 

■ 

ns 


'rpc 

R^ to CaS Precharge Time 

5 

- 

5 

- 

5 

- 

5 

- 

D 


'CPT 

CAS Precharge Time 

(Ca 5 before RA5 Counter Test Cycle) 

30 

■ 

40 

a 

40 

■ 

50 

■ 

ns 


'WRP 

WRITE to BAS Precharge Time 
(CAS before RA? Cycle) 

10 

■ 

10 

■ 

10 

■ 

10 

■ 

ns 


'WRH 

WRITE to RA5 Hold Time 
(CA5 before RAS Cycle) 

10 

■ 

10 

a 

10 

■ 

10 

■ 

ns 



CAPACITANCE (Vrr = 5V ± 10% . f=lMHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cm 

Input Capacitance (A0~A9, W, CAS, RAS) 

- 

30 

PF 

Cdq 

I/O Capacitance (DQ0~DQ7) 

- 

15 

PF 
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NOTES; 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may eause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3- Icci. Icc3. ICC 4 . Icc6 depend on cycle rate. 

4. IcCli ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS = V|i^ and CAS = Vni. 

6. An initial pause of 200//S is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CaS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT = 5ns. 

8. Viii (min.) and Vjl, (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil,. 

9. Measured with a load equivalent to 2 TfL loads and lOOpF. 

10. toFP (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tpcii or tuun must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles. 

13. twes is not restrictive operating parametere. This is included in the data sheet ns electrical 
characteristics only. If twcs—tWCS (min.), 1^® cycle is an early write cycle and data out pin will 
remain open circuit (high impedance) throughout the entire cycle. 

14. Operation within the tpcD (max.) limit insures that tgAC (max.) can be met. 

tliCl) (max.) is specified as a reference point only: If tgeo is greater than the specified tgci) (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tpAD (max.) limit insures that tgAC (max.) can be met. 

tKAD(max.)is specified as a reference point only: If tgAD is greater than the specified tRAD(max.) 
limit, then access lime is controlled by Iaa- 
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TIMING WAVEFORMS 
lUSAD CYCLE 


I. 
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FAST PAGE MODE READ CYCLE 


tRASP 
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RAg ONLY REFRESH CYCLE 
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tRC 


BEFORE RaH refresh CYCLE 
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HIDDEN REFRESH CYCLE (READ' 








HIDDEN REFRESH CYCLE (WRITE! 
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CA5 BEFORE MS REFRESH COUNTER TEST CYCLE 
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OUTLINE DRAWINGS 

'riIM81070AS/AL 

Unit in mm 

• THM81070AS 
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262.144 WORDSX 32 BIT DYNAMIC RAM MODULE 
DESCRIPTION 


The THM322500BS/BSG/AS/ASG is a 524,288 words by 32 bits dynamic RAM module which 
assembled 8 pcs of TC514256AJ/BJ on the printed circuit board. These modules can be as well used 
as 524,288 words by 16 bits dynamic RAM module, by means of connecting DQO and DQ16, DQl and 

DQ17, DQ2 and DQ18, ., DQ15 and DQ31, respectively. The These modules are optimized for 

application to the systems which are required high density and large capacity such as main memory of 
the computers and as image memory systems, and to the others which are requested compact size. 


FEATURES 


• 262,144 words by 32 bits organization • 

• Fast access time and cycle time 



HI 


HI 

— 

Irac Access Time 

T??l!!l 




Iaa Column Address 
Access Time 

30ns 

3Sns 

40n$ 

sons 

tcAC CAS Access Time 


||33i9 


EM 

Irc Cycle Time 


mem 


ifgw! 

tpc Fast Page Mode 

Cycle Time 

40ns 

40ns 

4Sn5 

55ns 


Low Power 

3,960mW MAX. Operating (THMxxxxxx-60) 
3,520mW MAX. Operating (THMxxxxxx—70) 
3,080mW MAX. Operating (THMxxxxxx—80) 
2,640mW MAX. Operating (THMxxxxxx—10) 
44mW MAX. Standby 
Single power supply of 6V±10% 

All inputs and outputs TTL compatible 
512 refresh cycles/8ms 




CAS before RAS refresh, RAS only refresh. Hidden refresh and Fast Page Mode capability 
Package THM322500BS -60 ; Tin-Lead Contact 

THM322500AS - 70,80,10 : Tin - Lead Contact 

THM322500BSG - 60 : Gold Contact 

THM322500ASG - 70,80,10 : Gold Contact 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 


I o o 

I inmiTnifniTTiiiiiTiTniiiniTni ^ fTT inniiniiiiiiiifiiiiTmiifinn 

1 36 37 72 


■n 

Vss 

■a 

A1 

m 


m 

NC 

49 

DQ8 

61 

DQ13 






m 

'HI 

H 

A2 

m 


m 

— 

m 

DQ24 

62 







m 

DQ16 

■a 

A3 

S 


m 

Vss 

El 

mm 

m 







m 

WSM 

m 

A4 

m 

pa 

m 


52 

BB 

m 







5 

ESEBi 

■a 

A5 

m 

NC 

mm 


53 


65 

DQ15 


BBi 

mm 

mm 

EE 

m 

Eim 

m 

A6 

m 

Vcc 

m 

Hi 

H 



EH 

n 




BQ 

Lz 


■a 

NC 

El 

AS 

mm 

l^lll 

m 

HE 

m 

EH 


mm 

BIB 

EB 

H 

■I 

EMI 

H 


■a 

EH 

H 

E^i 

H 

EH 

m 

E3E 

1931 

ww 

eb 

BIB 

EfE 

m 

EH 

El 


El 

NC 

mm 

EH 

El 

HE 

m 

EH 

mi 

Bza 

EB 

B!B 


m 

Vcc 

m 


m 

^52 

m 

NC 

m 

ebb 

1 

wssm 

mi 

KB 

B!B 

BEI 

BSfll 

■D 

eh; 

El 

hS 

m 

he 

mm 

he 

m 

Vcc 

El 

EH 

mm 

EB 

lEI 

bh 

EH 

■a 

mm 

Ell 

EM: 

mm 

ebb 


ebb 

El 

HB 

■a 

EE 







A0~A8 

Address Inputs 

DQ0~DQ31 

Data Input/Outputs 

Ca5U~C555 

Column Address Strobe 

Ra55,RS52 

Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (+ 5V) 

Vss 

Ground 

PD 

Presence Detect Pin 
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BLOCK DIAGRAM 



Vcc O . . . j-► MO-7 

i CO-7 

Vss 0-1-► MO-7 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

V|N 

- 1.0-7.0 

V 

1 

Output Voltage 

VOUT 

-1.0~7.0 

V 

1 

Power Supply Voltage 

Vcc 

-1.0~7.0 

V 

nnmm 

Operating Temperature 

Topr 

0-70 

“C 

HBHI 

Storage Temperature 

Tstg 

-55-125 

-c 

mm 

Soldering Temperature • Time 

Tsolder 

260-10 

'C • sec 

1 

Power Dissipation 

Pd 

4.8 

W 

1 

Short Circuit Output Current 

■out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,c 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACT6RISTICS (Vrr = 5Vl 10%. Ta = 0~70°a 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 


OPERATING CURRENT 

Average Power Supply Operating Current 
(hAS, CaS, Address Cycling: tRc = tRc MIN-) 

THMxxxxxx-60 

- 

720 


iHii 

•cci 

THMxxxxxx-70 

- 

640 

, mA 

Di 

THMxxxxxx-60 

- 

560 

B 


THMxxxxxx-10 


480 


■B 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(ftAS s CAS = V|h) 

■ 

16 

mA 

■ 


IKS ONLY REFRESH CURRENT 

Average Power Supply Current, ItAS Only Mode 
(?iAj Cycling, CA5 =V|h: tRc = tRc MIN. ) 

THMxxxxxx-60 

- 

720 


■ 

ICC3 

THMxxxxxx-70 

_ 

640 

mA 

B 

THMxxxxxx-80 

- 

560 


THMxxxxxx-10 

_ 

480 




FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RaJ=Vil, Ca 5, Address Cycling: tpc = tpc MIN. 1 

THMxxxxxx-60 

- 

480 



ICC4 

THMxxxxxx-70 

- 

480 

mA 

3,4 

THMxxxxxx-80 

- 

400 

5 


THMxxxxxx-10 

_ 

320 



■ccs 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5 = Ca5 = Vcc-0.2V) 

■ 

8 

mA 

■ 


CS5 BEFORE K5? REFRESH CURRENT 

Average Power Supply Current, Ca 5 Before RAS 
Mode (RAS, CaS Cycling: tRc = tRC MIN. ) 

THMxxxxxx-60 

- 

720 


mm 

•cce 

THMxxxxxx-70 

- 

640 

mA 


THMxxxxxx-80 

- 

560 


THMxxxxxx-10 

- 

480 


H 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 VSV,nS 6.5V, All Other Pins Not Under Test=OV) 

-80 

80 

aA 

■ 

'O(L) 

OUTPUT LEAKAGE CURRENT 
(DouT is disabled, OVS VqutS 5.5V) 

-10 

10 

aA 

B 

VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (louT= -5mA) 

B 

B 

B 

B 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut* 4.2mA) 

B 

B 

B 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

“ (Vcc=5V±10%, Ta = O-TO'C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

^PC 

Fast Page Mode Cycle Time 

tRAC 

Access Time from RAS 

tCAC 

Access Time from Cas 

tAA 

Access Time from Column Address 

kPA 

Access Time from CAS Precharge 

tCLZ 

Ca 5 to output in Low-Z 

tOFF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

tRAS 

Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

tRSH 

RA5 Hold Time 

tRHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

kSH 

CaS Hold Time 

tCAS 

CaS Pulse Width 

tRCD 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay 

Time 

tCRP 

Ca 5 to RA5 Precharge Time 

tCP 

CaS Precharge Time 

USR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

Uah 

Column Address Hold Time 

Ur 

Column Address Hold Time 
referenced to RA"? 

tRAL 

Column Address to RAS Lead Time 

tRCS 

Read Command Set-Up Time 

tRCH 

Read Command Hold Time 


THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 THMxxxxxx-10 


MAX. 

IBI 

MAX. 

QUII 

MAX. 



UNIT NOTE 



10,000 

IB 

10,000 

m 

10,000 

IQ 

10,000 

40 

IIIQ. 

50 

IBI 

60 

Q 

75 

30 

15 

35 

15 

40 

20 

50 


14 


50 ns 15 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

THMxxxxxx-80 

THMxxxxxx-10 

UNIT 

NOTE 


MAX. 


MAX. 


MAX. 


MAX. 

tRRH 

Read Command Hold Time 
referenced to Ra5 

0 

0 

■ 

B 

B 

mm 

B 

0 

ns 

11 

tWCH 

Write Command Hold Time 

■ 


■E 

- 

B 

IHI 

B 

BBI 

m 

BB 

twCR 

Write Command Hold Time 
referenced to Ra5 

45 

■ 

55 

■ 

60 

■ 

75 

■ 

ns 


twp 

Write Command Pulse Width 

■ 

- 

■ 

- 

B 

- 

Q 

- 

la 


tRWL 

Write Command to RAS Lead Time 

■ 

- 

B 

- 

B 


B 

_ . 

m 


tCWL 

Write Command to Lead Time 

■ 


B 

- 

B 

- 

B 

- 

la 


‘ds 

Data Set-Up Time 

■ 

- 

0 

- 

B 

- 

D 


m 

12 

tOH 

Data Hold Time 

m 

- 

B 

- 

B 

- 

El 

- 

m 

12 

tOHR 

Data Hold Time referenced to RAf 

m 

- 

B 

- 

m 

- 

B 

- 

la 


tREF 

Refresh Period 

- 

8 

- 

8 

- 

8 

- 

8 

■i 


twcs 

Write Command Set-Up Time 

0 

- 

Bi 

- 

0 

- 

0 

- 

m 

13 

kSR 

CaS Set-Up Time 
(CAS before Ra 5 Cycle) 

5 

B 

5 

B 

5 

■ 

5 

B 

ns 


tCHR 

CAS Hold Time 
(CAS before RaS Cycle) 

15 

B 

15 

B 

15 

■ 

20 

B 

ns 


tRPC 

RAS to CaS Precharge Time 

5 

- 

5 

- 

5 

- 

5 

- 

D 


kPT 

CAS Precharge Time(CAS before 

RAS Counter Test Cycle) 

30 

■ 

40 

■ 

40 

■ 

50 

■ 

ns 



CAPACITANCE (Vcc = 5V ± 10%, f = 1MHz, Ta = 0~70’’C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CI1 

Input Capacitance (A0~A8) 

- 

60 

PF 

02 

Input Capacitance (W) 

- 

60 

PF 

03 

Input Capacitance (RaSO.RA'SI) 

- 

35 

pF 

04 

Input Capacitance (CA5^~CAS3) 

- 

25 

pF 

CDQ1 

I/O Capacitance (DQ0~31) 

- 

17 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. IcCli ICC3. ICC4, ICC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vil and CAS=Vih. 

6. An initial pause of 200/:/s is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT=5ns. 

8. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vjh and Vil. 

9. Measured with a load equivalent to 2 TPL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH tRim must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITS leading 
edge in Read-Modify-Write cycles. 

13. twCS is not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If twCS—twcs(inin.), the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) through Uje entire cycle. 

14. Operation within the tucD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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TIMING WAVEFORMS 
RRAn nvr.LE 

tRC 


1. 
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Ca5 before MS REFRESH CYCLE 


tRC 








THM322500BS-60, THM322500AS-70, 80, 10 
THM322500BSG-60, THM322500ASG-70, 80, 10 


HIDDEN REFRESH CYCLE (READ) 



"H' or ”L’ 
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gRg BEFORE Mg REFRESH COUNTER TEST CYCLE 


I ^ 


tRAS 


I tRB 
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OUTLINE DRAWINGS 
THM322500AS/ASO 


Unit in mm 

2-03.18 + 0.05 



• THM322500AS 




0.9 ±0.08 



y;\. 



i 

' z 

1 






Contacts; Tin • Lead y 

- 

— 

_ 


, <N 


• THM322600ASG 



2.54MIN 
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1,048,576 WORDS X 9 BIT DYNAMIC RAM MODULE 
DESCRIPTION 


PRELIMINARY 


The THM91000AS/ASG/AL is a 1,048,576 words by 9 bits dynamic RAM module which assembled 9 
pcs of TC511000AJ on the printed circuit board. The THM91000AS/ASG/AL is optimized for 
application to the systems which are required high density and large capacity such as main memory of 
the computers and as image memory systems, and to the others which are requested compact size. 


FEATURES 

• Single power supply of 6V± 10% 

• Low power 

3,960mW MAX. Operating (THMxxxxxx-70) 
3,465mW MAX. Operating (THMxxxxxx-80) 
2,970mW MAX. Operating (THMxxxxxx-10) 
49.5mW MAX. Standby 

• CaS before RAS refresh, RAS only refresh. 
Hidden refresh, and Fast Page Mode 
capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/ Sms 

• Tin-Lead Contact :THM91000AS-70, 80, 10 

• Gold Contact :THM91000ASG-70, 80, 10 


• 1,048,576 words by 9 bits organization 

• Fast access time and cycle time 




THM91000 

THM91000 

THM91000 



AS-70 

AS-80 

AS-10 

tRAC 

RAS' Access Time 

70ns 

80ns 

100ns 

^AA 

Column Address 

Access Time 

35ns 

40ns 

50ns 

kAC 

Access Time 

20ns 

20ns 

25ns 

^RC 

Cycle Time 

130ns 

150ns 

180ns 

^PC 

Fast Page Mode 
Cycle Time 

40ns 

45ns 

55ns 


PIN CONNECTION (TOP VIEW) 

THM91000AS/ASG THM91000AL THM91020AL 


vcc ( 1 ) 
CaT (2) 

OQO (3) 
AO (4) 
A1 (5) 
DQl (6) 
A2 (7) 
A3 (8) 
VSS (9) 
DQ2 (10) 
A4 (11) 
A5 (12) 
DQ3 (13) 
A6 (14) 
A7 (15) 
DQ4 (16) 
A8 (17) 
A9 (18) 
N.C. (19) 
DQ5 (20) 
W (21) 
VSS (22) 
DQ6 (23) 
N.C. (24) 
DQ7 (25) 
Q8 (26) 
ffA? (27) 
CASS (28) 
D8 (29) 
VCC (30) 



PIN NAMES 


A0~A9 

Address Inputs 

DQ0~DQ7 

Data Input/Outputs 

D8 

Data input 

Q8 

Data Output 

m 

Column Address Strobe 

Ms 

Row Address Strobe 

w 

Read/Write Input 

CA5g 

Column Address Strobe 

Vcc 

Power (+ 5V) 

Vss 

Ground 

NC 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

input Voltage 

V|N 

-1.0~7.0 

V 

1 

Output Voltage 

VOUT 

-1.0~7.0 

V 

HBHii' 

Power Supply Voltage 

Vcc 

-1.0~7.0 

V 

■gg 

Operating Temperature 

Topr 

0~70 

“C 

mSSm 

Storage Temperature 

Tstg 

-5S~125 

“C 

1 

Soldering Temperature • Time 

Tsoloer 

260 10 

°C • sec 

1 

Power Dissipation 

Po 

5.4 

W 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°a 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V(H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%. Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTES 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc = tRcMIN.) 

THM91000AS-70 

- 

720 

mA 

Bi 

THM91000AS-80 

- 

630 

THM91000AS-10 

- 

540 

Icc 2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CA5 = V|h) 

■ 

18 

mA 

1 

Icc3 

IKS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(M5 Cycling, eA5 = V,H: tRC = tRc MIN.) 

THM9t000AS-70 

- 

720 

mA 

3 

THM91000AS-80 

- 

630 

THM91000AS-10 

■1 

540 

'CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = \/il, CAi Address Cycling; tpc = tpcMIN.) 

THM91000AS-70 

■■ 

540 

mA 

B 

THM91000AS-80 


450 

THM91000AS-10 



kcs 

STANDBY CURRENT 

Power Supply Standby Current 
(W = CAS = Vcc-0.2V) 

1 

B 

mA 

B 

kc6 

CA? BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CaS Before RAS 
Mode(RA?, CaS Cycling: tRc = tRcMIN.) 

THM91000AS-70 

- 

720 

mA 

3 

THM91000AS-80 

- 

630 

THM91000AS-10 

- 

540 

'ku 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 VSV,n£ 6.SV, All Other Pins Not Under Te$t=0V) 

-90 

90 

pA 

B 

IO(L) 

OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OVS VqutS 5.5V) 

-20 

20 

pA 

■ 

VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (louT= -SmA) 

D 

■ 

B 

■ 

Vql 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

■ 

0.4 

B 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vrr = 5V± 10%. Ta = 0~70°C)(Notes5. 6 . 7 ) 


SYMBOL 

PARAMETER 

THM91000AS-70 

THM91000AS-80 

THM91000AS-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

^RC 

Random Read or Write Cycle Time 

130 

- 

150 

- 

180 

- 

m 


tpc 

Fast Page Mode Cycle Time 

40 

- 

45 

- 

55 

- 

o 


tRAC 

Access Time from RA? 

- 

70 

- 

80 

- 

100 

m 

8, 13 

tCAC 

Access Time from CAS 

- 

20 

- 

20 

- 

25 

m 

8, 13 

Va 

Access Time from Column Address 

- 

35 

- 

40 

- 

50 

m 

8, 14 

kPA 

Access Time from CAS Precharge 

- 

35 

- 

40 

- 

50 

o 

8 

tCLZ 

CAS to output in Low-Z 

0 

- 

0 

- 

0 


m 

8 

toFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

0 

20 

la 

9 

tj 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

m 

7 

tRP 

RAS Precharge Time 

so 

- 

60 

- 

70 

- 

m 


tRAS 

RAS Pulse Width 

70 

10,000 

80 

10,000 

100 

10,000 

m 


tRASP 

RAS Pulse Width (Fast Page Mode) 

70 

100,000 

80 

100,000 

100 

100,000 

D 


tRSH 

RAS Hold Time 

20 

- 

20 

- 

25 

- 

D 

■i 

kSH 

CAS Hold Time 

70 

- 

80 

- 

100 

- 

D 

B 

kAS 

CAS Pulse Width 

20 

10,000 

20 

10,000 

25 

10,000 

m 


kco 

RAS to CAS Delay Time 

20 

50 

20 

60 

25 

75 

ns 

13 

tPAD 

RAS to Column Address Delay Time 

15 

35 

15 

40 

20 

50 

ns 

14 

tCRP 

CAS to RAS Precharge Time 

5 

- 

5 

- 

10 

- 

ns 


kp 

CAS Precharge Time (Fast Page Mode) 

10 

- 

10 

- 

10 

- 

ns 


Iasr 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tRAH 

Row Address Hold Time 

10 

- 

10 

- 

15 

- 

ns 


Use 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tCAH 

Column Address Hold Time 

15 

- 

15 

- 

20 

- 

ns 


Ur 

Column Address Hold Time referenced 

to RAS 

55 


60 

- 

75 

- 

ns 


Ual 

Column Address to RAS Lead Time 

35 


40 

- 

50 

- 

ns 


kes 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tRCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 

10 

tRRH 

Read Command Hold Time referenced 

to RM 

0 

- 

0 

- 

0 

- 

ns 

10 

'WCH 

Write Command Hold Time 

15 

- 

15 

- 

20 

- 

ns 


twCR 

Write Command Hold Time referenced 

to ^ 

55 

- 

60 

- 

75 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THM91000AS-70 

THM91000AS-80 

THM91000AS-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

iwp 

Write Command Pulse Width 

15 

- 

15 

- 

20 

- 

m 


Lrwl 

Write Command to RA5 Lead Time 

20 


20 

- 

25 

- 

m 


kWL 

Write Command to Ca 5 Lead Time 

20 

SB 

20 

- 

25 

- 

n 


tos 

Data Set-Up Time 

0 

- 

0 

- 

0 

- 

m 

11 

toH 

Data Hold Time 

15 

- 

15 


20 

- 

m 

11 

tOHR 

Data Hold Time referenced to RAS 

55 

- 

60 


75 

- 

m 


^REF 

Refresh Period 

- 

8 

- 

8 

- 

8 



twcs 

Write Command Set-UP Time 

0 

- 

0 

- 

0 


IS 

12 

kSR 

CAS Set-Up Time(CA5 before RAS Cycle) 

5 


5 

- 

5 

- 

m 


tCHR 

CAS Hold Time (CAS before RA5 Cycle) 

15 

mm 

15 

- 

15 

- 

D 


tRPC 

Ms to CAS Precharge Time 

0 

- 

0 

- 

0 

mm 

D 


kPT 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 

40 

- 

40 

- 

50 

m 

ns 



CAPACITANCE (Vrr = 5V± 10%, f= 1MHz, Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cii 

Input Capacitance (A0~A9, W, CAS, RAS) 

- 

60 

PF 

Cl2 

Input Capacitance (08,CAS8) 


7 

pF 

COQ 

Input Capacitance (DQ0~DQ7) 

B5B 

15 

PF 

Cq 

Input Capacitance (Q8) 

HEHI 

10 

PF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. IcC3. ICC 4 ) IcC6 depend on cycle rate. 

4. Icci, ICC4 depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 
RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. Viii(min.) and ViL(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vj^. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFlKmax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tpcH Irrh must be satisfied for a read cycle. 

11. These parameters are referenced to CaS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twcS—twcs(niin.), the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance). 

13. Operation within the tRCD^niax.) limit insures that tRAcimax.) can be met. 

tRCD(niax.) is specified as a reference point only: If tRCD is greater than the specified tRCD(niax.) 
limit, then access time is controlled by tCAC- 

14. Operation within the tRAuimax.) limit, insures that t|{AC(niax.) can be met. 

tltADCmax.) is specified as a reference point only: If tRAD is greater than the specified tRAuCniax.) 
limit, then access time is controlled by tAA- 


B-133 




THM91000AS/ASG/AL-70, 80, 10 
THM91020AL-70, 80, 10 


READ CYCLE 








THM91000AS/ASG/AL-70, 80, 10 
THM91020AL-70, 80, 10 


EARLY WRITE CYCLE 
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THM91000AS/ASG/AL-70, 80, 10 
THM91020AL-70, 80, 10 


RA§ ONLY REFRESH CYCLE 







THM91000AS/ASG/AL-70, 80, 10 
THM91020AL-70, 80, 10 







THM91000AS/ASG/AL-70. 80. 10 
THM91020AL-70, 80, 10 


HIDDEN REFRESH CYCLE (READ' 
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OUTLINE DRAWINGS 



• THM91000AS/ASG 


Unit; mm 

1 

88.9 ±0.13 

1 03.18 + 0.05 

. 7 1 1 5.08MAX. 
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Unit; mm 


• THM91020AL 
















1,048,576 WORDS X 9 BIT DYNAMIC RAM MODULE PRELIMINARY 

DESCRIPTION 

The THM91000BS/BSG/BL is a 1,048,576 words by 9 bits dynamic RAM module which assembled 9 
pcs of TC511000BJ on the printed circuit board. The THM91000BS / BSG / BL is optimized for 
application to the systems which are required high density and large capacity such as main memory of 
the computers and as image memory systems, and -to the others which are requested compact size. 


FEATURES 

• 1,048,576 words by 9 bits organization 

• Fast access time and cycle time 



THM91000BS-60 

tRAC Access Time 

60ns 

tAA Column Address 

Access Time 

30ns 

tcAC CAS Access Time 

20ns 

Irc Cycle Time 

110ns 

tpc Fast Page Mode 
Cycle Time 

40ns 


• Single power supply of 5V±10% 

• Low power 

4,455mW MAX. Operating 
49.5mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh. 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/ 8ms 

• Tin-Lead Contact :THM91000BS—60 

• Gold Contact :THM91000BSG-60 


PIN CONNECTION (TOP VIEW) 


THM910008S/8SG THM91000BL 


vcc 

(1) 

a 

CAS 

(2) 

a 

DC30 

(3) 

□ 

AO 

(4) 

a 

A1 

(S) 


DQl 

(6) 

□ 

A2 

(7) 

D 

A3 

(8) 

□ 

VSS 

(9) 

□ 

OQ2 

(10) 

□ 

A4 

(11) 

n 

AS 

(12) 

Q 

DQ3 

(13) 

□ 

A6 

(14) 

a 

A7 

(IS) 

□ 

DQ4 

(16) 

a 

AS 

(17) 

a 

A9 

(18) 

□ 

N.C 

(19) 

a 

DQ5 

(20) 

D 

W 

(21) 

o 

VSS 

(22) 

a 

DQ6 

(23) 

D 

N.C. 

(24) 

□ 

DQ7 

(2S) 

□ 

OS 

(26) 

□ 

ra5 

(27) 

a 

CASS 

(28) 

D 

OS 

(29) 

a 

VCC 

(30) 

a 


THM91020BL 



PIN NAMES 


or 

< 

1 

o 

< 

Address Inputs 

DQ0~DQ7 

Data Input/Outputs 

D8 

Data Input 

Q8 

Data Output 

CA5 

Column Address Strobe 

ra5 

Row Address Strobe 

w 

Read/Write Input 

C4S8 

Column Address Strobe 

Vcc 

Power (+ 5V) 

Vss 

Ground 

NC 

No Connection 
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THMQIOOOBS/BSG/BL-60 
THM91020BL-60 


BLOCK DIAGRAM 
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THM91OOOBS/BSG/BL-60 
THM91020BL-60 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V|N 

-1.0~7.0 

V 

1 

Output Voltage 

'/out 

- 1.0~7.0 

V 

1 

Power Supply Voltage 

Vcc 

-1.0-7.0 

V 


Operating Temperature 

Tqpr 

0-70 

•c 

bdBh^ 

Storage Temperature 

Tstg 

-55-125 

•c 

1 

Soldering Temperature • Time 

Tsoloer 

260-10 

'C • sec 

1 

Power Dissipation 

Pd 

5.4 

W 

1 

Short Circuit Output Current 

loUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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THM91OOOBS/BSG/BL-60 
THM91020BL-60 


DC ELECTRICAL CHARACTERISTICS (Vrr = 5V 1 10%. Ta = 0~70°a 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling; tRc = tRcMIN.) 


810 

mA 

m 

'CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V|h) 


18 

mA 


Icc3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode (RAS 
Cycling, CAS = V|h: tRc = tRcMlN.) 


810 

mA 

3 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(ftAS = V|L, CAS Address Cycling: tpc = tpcMIN.) 


540 

mA 

m 

'CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(^ = ^ = Vcc-0.2V) 


9 

mA 


kce 

US BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CaS Before RAS Mode 
(RAS, Ca 5 Cycling: tRc = tRcMIN.) 


810 

mA 

3 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V£Vin£ 6.5V, All Other Pins Not Under Test = 0V) 

-90 

90 

pA 


'O(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OVSVqut^S.SV) 

-20 

20 

pA 

B 

VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut = -SmA) 

B 

B 

B 

B 

VoL 

OUTPUT LEVEL 

Output "L' Level Voltage (louT = 4-2mA) 

B 

B 

B 

B 
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THM91OOOBS/BSG/BL-60 
THM91020BL-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


Vrr = 5V ± 10%. Ta = O-TOT) (Notes 5, 6, 7 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from RAS 

tCAC 

Access Time from CAS 

tAA 

Access Time from Column Address 

tCPA 

Access Time from CAS Precharge 

tCLZ 

CAS to output in Low-Z 

tOFF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

tRAS 

RAS Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

tCSH 

CM Hold Time 

tCAS 

CAS Pulse Width 

^RCO 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay Time 

tCRP 

CM to RAS Precharge Time 

kp 

CAS Precharge Time (Fast Page Mode) 

USR 

Row Address Set-Up Time 

^RAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

Ur 

Column Address Hold Time referenced to RaS 

tRAL 

Column Address to rAS Lead Time 

tRCS 

Read Command Set-Up Time 

UCH 

Read Command Hold Time 

tRRH 

Read Command Hold Time referenced to RAS 

tyvew 

Write Command Hold Time 

twCR 

Write Command Hold Time referenced to RAS 
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THM91OOOBS/BSG/BL-60 
THMgi020BL-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTES 

twp 

Write Command Pulse Width 

10 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

20 

- 

ns 


tcWL 

Write Command to Ca 5 Lead Time 

20 

- 

ns 


tos 

Data Set-Up Time 

0 

- 

ns 

11 

tOH 

Data Hold Time 

15 

- 

ns 

11 

tOHR 

Data Hold Time referenced to RAi 

50 

- 

ns 


tREF 

Refresh Period 

- 

8 

ms 


twcs 

Write Command Set-UP Time 

0 

- 

ns 

12 

tcSR 

Ca 5 Set-Up Time (CaS before RAS Cycle) 

5 

- 

ns 


tcHR 

CAS Hold Time (CAS before RAS Cycle) 

15 

- 

ns 

■B 

tRPC 

RAS to CA5 Precharge Time 

0 

- 

ns 


tCPT 

CAS Precharge Time (CAS before RAS Counter Test 
Cycle) 

30 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%. f = 1 MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Qr 

Input Capacitance (A0~A9, W, CAi, RAS) 

- 

60 

PF 

C|2 

Input Capacitance (D8 ,CaS8) 

- 

7 

pF 

Cdq 

Input Capacitance (DQO~OQ7) 

- 

15 

PF 

Cq 

Input Capacitance (Q8) 

- 

10 

pF 
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THMgi OOOBS/BSG/BL-60 
THMgi020BL-60 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss* 

3. Icci. IcC3. ICC 4 , Icc6 depend on cycle rate. 

4. Iccii ICC4 depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 
RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT = 5ns. 

7. ViH(niin.) and ViL(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF(inax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CaS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twCS^tWCS(min.), the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance). 

13. Operation within the tRcoCmax,) limit insures that tRAC(niax.) can be met. 

tRCD(max.) is specified as a reference point only; If tRCD is greater than the specified tRcoimax.) 
limit, then access time is controlled by tCAC- 

14. Operation within the tRAD(max.) limit, insures that tRAcCmax.) can be met. 

tRAD(max.) is specified as a reference point only: IftRAD is greater than the specified tRAoCmax.) 
limit, then access time is controlled by tAA* 
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THMgi OOOBS/BSG/BL-60 
THMgi020BL-60 


toe 


READ CYCLE 









THM91OOOBS/BSG/BL-60 
THM91020BL-60 


EARLY WRITE CYCLE 













THM91QQOBS/BSG/BL-60 
THM9‘i026iL-60'" 


FAST PAGE MODE READ CYCLE 










THMOIOOOBS/BSG/BL-60 
THMgi020BL-60 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 













THMgi OOOBS/BSG/BL-60 
THMgi020BL-60 


RAS ONLY REFRESH CYCLE 







THM91OOOBS/BSG/BL-60 
THM91020BL-60 


UaB before RAg REFRESH CYCLE 









THM91OOOBS/BSG/BL-60 
THM91020BL-60 


HIDDEN REFRESH CYCLE (READ) 












HIDDEN REFRESH CYCLE (WRITE: 
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THM91020BL-60 


• THM91020BL 

FRONTSIDE 


Unit: mm 



BACKSIDE 
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1,048,576 WORDS X 9 BIT DYNAMIC RAM MODULE 
DESCRIPTION 


PRELIMINARY 


The THM91070S/L is a 1,048,576 words by 9 bits dynamic RAM module which assembled 2 pcs of 
TC514400J and Ipc of TC511000AJ on the printed circuit board. 

The THM91070S/L is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and an image memory systems, and to the 
others which are requested compact size. 


FEATURES 


• 1,048,576 words by 9 bits organization 

• Fast access time 



-80 

-10 

tRAC 

RAS Access Time 

80ns 

100ns 

tAA 

Column Address Access Time 

40n$ 

50ns 

tCAC 

CAS Access Time 

20ns 

25ns 

tRC 

Cycle Time 

ISOns 

180ns 

^PC 

Fast Page Mode Cycle Time 

50ns 

60ns 


• Single power supply of 5V±10% 

• Low power l,540mW MAX. Operating (THMxxxxxx-80) 

l,320mW MAX, Operating (THMxxxxxx-10) 

16,5mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh. Hidden refresh, and Fast Page Mode capability 

• All inputs and outputs TTL compatible 

• 1,024 refresh cycled Sms (Burst Refresh) 

• 1,024 refresh cycles/16ms (Distributed Refresh) 

PIN CONNECTION (TOP VIEW) 


vcc (I) 
Cm (2) 
OQO (3) 
AO (4) 
A1 (5) 
DQ1 (6) 
A2 (7) 
A3 (8) 
VSS (9) 
DQ2 (10) 
A4 (11) 
A5 (12) 
DQ3 (13) 
A6 (14) 
A7 (15) 
DQ4 (16) 
A8 (17) 
A9 (18) 
N.C. (19) 
DQ5 (20) 
W (21) 
VSS (22) 
DQ6 (23) 
N.C. (24) 
DQ7 (25) 
Q8 (26) 
^ (27) 
CAS8 (28) 
D8 (29) 
VCC (30) 


THM91070S 



THM91070L 



PIN NAMES 


A0~A9 

Address Inputs 

DQ0~DQ7 

Data Inputs/Outputs 

D8 

Data Inputs 

Q8 

Data Outputs 

CA5 

Column Address Strobe 

ra5 

Row Address Strobe 

w 

ReadA/Vrite Input 

CAS8 

Column Address Strobe 

Vcc 

Power (+ SV) 

Vss 

Ground 

N.C. 

No Connection 
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THM91070S-80, 10 
THivi91070L-80, 10 


BLOCK DIAGRAM 
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THM91070S-80, 10 
THM91070L-80, 10 


ABSOLUTE MAXIMUM RATINGS 


ITEM SYMBOL RATING 


- 1.0-7.0 


-1.0-7.0 


- 1.0-7.0 


0-70 


-55-125 


260-10 


1.8 


50 


RECOMMENDED DC OPERATING CONDITIONS (Ta = O-TO^C 


ITEM 

SYMBOL 

Input Voltage 

VlN 

Output Voltage 

VoUT 

Power Supply Voltage 

Vcc 

Operating Temperature 

Topr 

Storage Temperature 

Tstg 

Soldering Temperature • Time 

Tsolder 

Power Dissipation 

Pd 

Short Circuit Output Current 

■out 



SYMBOL 

PARAMETER 

Vcc 

Supply Voltage 

V|H 

Input High Voltage 

V.L 

Input Low Voltage 



DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%, Ta = 0~70“C 









OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, dAS, Address Cycling: Irc-^rc MIN.) 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS = eAS = V|H) 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS V|h: tRc = tRc MIN.) 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS = V|L, CAS Address Cycling: tpc = tpc MIN.) 


STANDBY CURRENT 

Power Supply Standby Current 

(^ = dAS = Vrr-0.2V) 


CA5 before RA? REFRESH CURRENT 
Average Power Supply Current, CAS Before RA5 
Mode (Ras, CaS Cycling: tRc = tRc MIN.) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0VSVirgS6.5V All Other Pins not under Te$t = 0V) 


OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OVaypuyg5.5V) 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout= 5-mA) 


OUTPUT LEVEL 

Output "L" Level Voltage (Iout = 4.2mA) 


THMx X X X X X - 80 


THMx X X X X X - 10 


THMx X X X X X - 80 


THMx X X X X X - 10 


THMx X X X X X - 80 


THMx X X X X X - 10 


THM xxxxxx-80 


THMx X X X X X - 10 


MIN. MAX. UNITS NOTES 


280 
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THM91070S-80. 10 
THM91070L-80, 10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%, Ta = 0~70"C) (Notes 5, 6, 7) 



THMxxxxxx-80 


THMxxxxxx-IO 


Random Read or Write Cycle Time 


Fast Page Mode Cycle Time 


Access Time from RA$ 


Access Time from CA5 


Access Time from Column Address 


Access Time from CAS Precharge 


CaS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RA5 Pulse Width 


RAS Pulse Width (Fast Page Mode) 


RAS Hold Time 


CAS Hold Time 


eA5 Pulse Width 


RaS to CaS Delay Time 


Ras to Column Address Delay Time 


CS5 to RA? Precharge Tiifie 


CAS Precharge Time (Fast Page Mode) 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Coiumn Address Hoid Time 


Column Address Hold Time referenced to 

ms 


Column Address to RA5 Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hoid Time referenced to 

ms 


Write Command Hold Time 


Writ e Command Hold Time referenced to 
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THM91070S-80, 10 
THM91070L-80, 10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 


SYMBOL 

PARAMETER 

THMxxxxxx-80 

THMxxxxxx-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 

20 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

20 

- 

25 

- 

ns 


tcWL 

Write Command to CAS Lead Time 

20 

- 

25 

- 

ns 


tos 

Data Set-Up Time 

0 

- 

0 

- 

ns 

11 

tOH 

Data Hold Time 

IS 

- 

20 

- 

ns 

11 

toHR 

Data Hold Time referenced to RaS 

60 

- 

75 

- 

ns 


tREF 

Refresh Period 

- 

16 

- 

16 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

12 

tCSR 

CAS Set-Up Time (CAS before SaS Cycle) 

5 

- 

10 

- 

ns 


tCHR 

CAS Hold Time (CAS before RAS Cycle) 

15 

- 

20 

- 

ns 


tRPC 

RAS to CAS Precharge Time 


- 

0 

- 

ns 


tCPT 

CAS Precharge Time (tAS before RAS 

Counter Test Cycle) 

40 

- 

50 

- 

ns 


twRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 

■ 

tWRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%. f=1MH2, Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cm 

Input Capacitance (AO—AO, W, CA?, RAS) 

- 

30 

PF 

Cl2 

Input Capacitance (D8, CaSS) 

- 

10 

PF 

Cdq 

I/O Capacitance (DQ0~DQ7) 

- 

15 

PF 

Cq 

Output Capacitance (Q8) 

- 

10 

PF 
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THM91070S-80. 10 
THM91070L-80, 10 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- . 

3. Icci. IcC3. ICC 4 . Icc6 depend on cycle rate. 

4. IcCl> 1CC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT = 5ns. 

7. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. torF defines the time at which the output achieves the open circuit condition and is not 

referenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twCS—twCSCmin.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

14. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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THM91070S-80, 10 
THM91070L-80, 10 


READ CYCLE 




"H' or "L' 
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THM91070S-80, 10 
THivi91070L-80, 10 


EARLY WRITE CYCLE 


ra5 


A0~A9 






Q8 


VoH 
VoL —‘ 


OPEN 


: "H" or "L" 
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THM91070S-80, 10 
THM91070L-80,10 


FAST PAGE MODE READ CYCLE 
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THI\/l91070S-80, 10 
THM91070L-80, 10 


raS only refresh cycle 







THM91070S-80, 10 
THrYl91070L-80, 10 


UaS before Has refresh cycle 


L 






THM91070S-80, 10 
THM91070L-80, 10 









THM91070S-80, 10 
THM91070L-80, 10 


HroDEN REFRESH CYCLE (WRITE: 







THM91070S-80, 10 
THM91070L-80, 10 


UaE before RAg REFRESH COUNTER TEST CYCLE 
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0UTLIN6 DRAWINeS 
• THM91070S 


Unit in mm 


2-03.18±O.13 
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1,048,576 WORDS X 9 BIT DYNAMIC RAM MODULE 
DESCRIPTION 


The THM91070AS/AL and THM91070AS/AL are a 1,048,576 words by 9 bits dynamic RAM module 
which assembled 2 pcs of TC514400ASJ and 1 pcs of TC511000AJ/BJ on the printed circuit board. 
The These modules are optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 


FEATURES 


1,048,576 words by 9 bits organization • 

Fast access time and cycle time 



-60 

-70 

-80 

-10 

tRAC RA5 Access Time 

60ns 

70ns 

eOns 

100ns 

tAA Column Address 
Access Time 

30ns 

35ns 

40n5 

50ns 

tcAC CAS Access Time 

20ns 

20ns 

20ns 

2Sns 

tRC Cycle Time 

110ns 

t30ns 

150ns 

180ns 

tpc Fast Page Mode 

Cycle Time 

45ns 

45ns 

50ns 

60ns 


Low Power 

l,815mW MAX. Operating (THMxxxxxx—60) 
l,540mW MAX. Operating (THMxxxxxx—70) 
l,320m'W MAX. Operating (THMxxxxxx — 80) 
l,155mW MAX. Operating (THMxxxxxx—10) 
16.5mW MAX. Standby 
Single power supply of 5V ± 10% 

All inputs and outputs TTL compatible 
1,024 refresh cycled 8ms(Burst Refresh) 
1,024 refresh cycles/16nis(I3isti'ibutedRefresh) 


• CAS before RAS refresh, RAS only refresh. Hidden refresh and Fast Page Mode capability 

• Package THM91070AS - xx ; Tin-Lead Contact 

THM91070AL - xx : SOPin SIP 


PIN CONNECTION (TOP VIEW) 


THM91070AS 


vcc ( 1 ) 
CAS (J) 
OQO (3) 
AO (4) 
A1 (5) 
DQI (6) 
A2 (7) 
A3 (8) 
VSS (9) 

oq: ( 10 ) 

A4 (11) 
AS (12) 
DQ3 (13) 
A6 (14) 
A7 (15) 
DQ4 (16) 
A8 (17) 
A9 (18) 
N.C. (19) 
DQ5 (20) 
W (21) 
VSS (22) 
DQ6 (23) 
N.C. (24) 
DQ7 (25) 
Q8 (26) 
HaJ_(27) 
CAS8 (28) 
D8 (29) 
VCC (30) 



THM91070AL 



PIN NAMES 


A0~A9 

Address Inputs 

DQ0-DQ7 

Data Inputs/Outputs 

08 

Data Inputs 

Q8 

Data Outputs 

Ca? 

Column Address Strobe 

ra5 

Row Address Strobe 

W 

Read/Write Input 

Cas5 

Column Address Strobe 

Vcc 

Power (+ 5V) 

Vss 

Ground 

N.C. 

No Connection 
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BLOCK DIAGRAM 
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THM91070AS-60, 70, 80, 10 
THM91070AL-60, 70, 80, 10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

V|N 

1 

b 

b 

V 

1 

Output Voltage 

VOUT 

-1.0~7.0 

V 


Power Supply Voltage 

Vcc 

-1.0~7.0 

V 

1 

Operating Temperature 

Yqpr 

O 

< 

o 

•c 

1 

Storage Temperature 

Tstg 

-55-125 

•c 

1 

Soldering Temperature • Time 

Tsoloer 

260-10 

•C • sec 

1 

Power Dissipation 

Pd 

2.0 

W 

1 

Short Circuit Output Current 

■out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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THM91070AS-60, 70, 80, 10 

^1 IK A I ^ M 

I nmxg I u / UML.-OU, # u, ou, i u 


DC ELECTRICAL CHARACTERISTICS (Vrr = 5V± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 

•CC) 

OPERATING CURRENT 

Average Power Supply Operating Current 
(ftAS, CAS, Address Cycling: tRc = tRc MIN. ) 

THMxxxxxX'CO 

- 

330 

mA 

1 

THMxxxxxx«70 

- 

2B0 

THMxxxxxX‘60 

_ 

240 

THMxxxxxx>10 

- 

210 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(IA5 =Ca5=Vih) 

■ 

6 

mA 

■ 

ICC3 

^ ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS » V|h: tRc = tRc MIN. ) 

THMxxxxxX'&O 

- 

330 

mA 

D 

THMxxxxxx-70 

- 

280 

THMxxxxxX'80 

_ 

240 

THMxxxxxX'IO 

- 

210 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(^=V|L, Ca 5, Address Cycling: tpc = tpc MIN. 1 

THMxxxxxx>60 

_ 

200 

mA 

1 

THMxxxxxx*70 

- 

200 

THMxxxxxx>80 

- 

170 

THMxxxxxX'10 

- 

150 

'CC5 

STANDBY CURRENT 

Power Supply Standby Current 
{SaS=<!a5 = Vcc-0.2V) 

■ 

3 

mA 

■ 

'CC6 

CaS BEFORE MS REFRESH CURRENT 

Average Power Supply Current, CaS Before RAS 
Mode (MS, Ca 5 Cycling: tRc = tRc MIN. ) 

THMkxxxxx«60 

- 

330 

mA 

1 

THMxxxxxx-70 

- 

280 

THMxxxxxx-60 

- 

240 

THMxxxxxx-10 

- 

210 

'ku 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OVSVinSB.SV, All Other Pins Not Under Test = 0V) 

-30 

30 

/'A 

■ 

'O(L) 

OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OVSVout^S.SV) 

-10 

10 

/'A 

B 

Vqh 

OUTPUT LEVEL 

Output "H' Level Voltage (Iout= -5mA) 

B 

B 

B 

B 

VoL 

OUTPUT LEVEL 

Output "L' Level Voltage (louT = 4-2mA) 

B 

B 

B 

B 
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ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from RaS 

tCAC 

Access Time from CaS 

tAA 

Access Time from Column Address 

tCPA 

Access Time from CAS Precharge 

tCLZ 

CAS to Output in Low-Z 

tOPf 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

tRAS 

RAS Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

tRHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

tCSH 

CaS Hold Time 

tCAS 

CaS Pulse Width 

tRCO 

RAS to CAS Delay Time 

■tRAO 

RAS to Column Address Delay 

Time 

tCRP 

CAS to RAS Precharge Time 

kP 

CaS Precharge Time 

tASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

tAR 

Column Address Hold Time 
referenced to RaS 

tRAL 

Column Address to RAS Lead Time 

tRCS 

Read Command Set-Up Time 

tRCH 

Read Command Hold Time 

tRRH 

Read Command Hold Time 
referenced to RAS 

twCH 

Write Command Hold Time 

twCR 

Write Command Hold Time 

referenced to RAS 


THM91070AS-60, 70, 80, 10 
THM91070AL-60, 70, 80, 10 


D RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%. Ta = 0~70°C) (Notes 6, 7, 8) 


THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 THMxxxxxx-IO 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THMxxxxxx-SO 

THMxxxxxx-70 

THMxxxxxx-80 

THMxxxxxx-10 

UNIT 

NOTE 


MAX. 


MAX. 

013 

MAX. 

OB 

MAX. 

twp 

Write Command Pulse Width 

m 

- 

m 


■E 

- 

m 

- 

Dl 


tRWL 

Write Command to RSS Lead Time 

■ 

- 

m 

- 


- 

m 

- 

m 


tCWL 

Write Command to CAS Lead Time 

■ 

- 

■ 

- 

■ 

- 

B 

- 

11 


tos 

Data Set-Up Time 

m 

- 

0 

- 

■ 

- 

B 

- 

m 

12 

tOH 

Data Hold Time 

■E 

- 

m 


■E 

- 

B 

- 

D 

12 

toHR 

Data Hold Time referenced to RaS 

m 

- 

m 

- 

■ 

- 

B 

- 

D 


tREF 

Refresh Period 

- 

16 

- 

16 

- 

16 

- 

16 

^^1 


twcs 

Write Command Sel-UP Time 

0 

- 

0 

- 

0 

- 

0 

- 

m 

13 

‘CSR 

CaS Set-Up Time 
(CaS before RAS Cycle) 

5 

B 

5 

■ 

5 

B 

5 

B 

ns 


tCHR 

Ca 5 Hold Time 
(CAS before RAS Cycle) 

15 

B 

15 

B 

15 

B 

20 

B 

ns 


tRPC 

RaS to CaS Precharge Time 

5 

- 

5 

- 

5 

- 

5 

- 

m 


tCPT 

CaS Precharge Time 

(CaS before RS5 Counter Test Cycle) 

30 

B 

40 


40 

B 

50 

B 

n$ 


twRP 

WRITE to MS Precharge Time 
(CaS before RAS Cycle) 

10 

imu 

10 

B 

10 

B 

10 

B 

ns 


twRH 

WRitE to MS Hold Time 
(CaS before RAS Cycle) 

10 

B 

10 

B 

10 

B 

10 

B 

ns 



CAPACITANCE (Vrr = 5V + 10%. f=1MHz, Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C,i 

Input Capacitance (A0~A9, W, cAS, RaS) 


30 

pF 

Cl2 

Input Capacitance (08, CASS) 

- 

10 

P'' 

CoQ 

I/O Capacitance (DQ0~OQ7) 

- 

15 

pF 

Cq 

Output Capacitance (Q8) 

- 

10 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vgs. 

3. Icci. IcC3i IcC4i Icce depend on cycle rate. 

4. Iccii ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RS5 =Vil and C55=Vi{i. 

6. An initial pause of 200//S is required after power-up followed by 8 RA$ only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VjH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFP (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tucH or tRRii must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles. 

13. twCS is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twcs^ twcS (min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance) throughout the entire cycle. 

14. Operation within the tRCD (max.) limit insures that Irac (max.) can be met. 

tRCD (max.) is specified as a reference point only; If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAO (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA. 
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TIMING WAVEFORMS 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 






















THM91070AS-60, 70, 80, 10 
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^RC 


Has only refresh cycle 




THM91070AS-60, 70, 80, 10 
THM91070AL-60, 70, 80, 10 


C5S BEFORE HSS REFRESH CYCLE 





THM91070AS-60, 70 80. 10 
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HIDDEN REFRESH CYCLE (READ' 
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UKE BEFORE REFRESH COUNTER TEST CYCLE 

I _tRAS 
















15 .24±0.13 
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OUTLINE DRAWINGS 
THM91070AS/AL 

Unit in mm 

• THM91070AS 




■ 5 .O 8 MAX. 



0.25 + 0.15 
- 0.02 
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NOTES 



262,144 WORDS X 36 BIT DYNAMIC RAM MODULE 
DESCRIPTION 


The THM362500BS/BSG/AS/ASG is a 262,144 words by 36 bits dynamic RAM module which 
assembled 8 pcs of TC514256AJ/BJ and 4 pcs of TC51256T on the printed circuit board. These 
modules can be as well used as 524,288 words by 18 bits dynamic RAM module, by means of 

connecting DQO and DQ18, DQl and DQ19, DQ2 and DQ20,., DQ17 and DQ35, respectively. The 

These modules are optimized for application to the systems which are required high density and large 
capacity such as main memory of the computers and as image memory systems, and to the others 
which are requested compact size. 


FEATURES 


262,144 words by 36 bits organization 
Fast access time and cycle time 



•60 

-70 

-80 

-10 

tRAC RAi Access Time 

60ns 

70ns 

80ns 

100 ns 

tAA Column Address 
Access Time 

30ns 

3Sns 

40ns 

50ns 

tCAC CIaS Access Time 

20 ns 

20 ns 

20 ns 

25n$ 

tRC Cycle Time 

115ns 

130ns 

ISOns 

180ns 

tpc Past Page Mode 

Cycle Time 

40ns 

40ns 

4Sns 

55ns 


• Low Power 

6,940mW MAX. Operating (THMxxxxxx—60) 
5,280mW MAX. Operating (THMxxxxxx-70) 
4,620mW MAX. Operating (THMxxxxxx—80) 
3,960mW MAX. Operating (THMxxxxxx—10) 
66mW MAX. Standby 

• Single power supply of 5V±10% 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/4ms(Burst Refresh) 

• 512 refresh cycles/8ms(Distributed Refresh) 


CAS before RAS refresh, RAS only refresh. Hidden refresh and Fast Page Mode capability 


Package 


THM362500BS - 60 

THM362500AS - 70,80,10 

THM362500BSG - 60 
THM362500ASG -70,80,10 


Tin-Lead Contact 
Tin-Lead Contact 
Gold Contact 

Gold Contact 


PIN CONNECTION (TOP VIEW) 


■n 

Vss 

■0 

A1 

m 

El^ 

ma 


BI 

EEH 

BI 







m 


m 

A2 

m 


m 

1^9 

m 


m 

ISBEfli 






3 

lasnM 

m 

A3 

m 

lasai 

m 

Vss 

m 


63 

DQ15 






4 

DQl 

m 

A4 

m 

A7 

40 

5455 



64 

DQ34 






■1 

ElSOi 

m 

A5 

m 

NC 

BI 


m 

fmm 

m 



■B 

BEl 

BB 

BB^ 

m 

EEM 

m 

A6 


Vcc 

m 


m 

1^91 

m 

NC 

n 




QQI 

7 


■s 

I23B 

H 

A8 

■a 


H 

EH 

BI 

E33B 

I33!| 

mm 

mm 

mm 

mm 

8 

ESSi 

m 


■a 

NC 

44 

RAS5 

56 

DQ30 

BI 

PDl 

1331 

Bi 

Bi 

B3I 

Ka 

9 


m 


Bi 

NC 

m 

NC 

m 

133091 

BI 

EH 

Bffl 

BI 

H 

mm 

BSI 

■Q 

Vcc 

H 

IH 

H 


m 

EH 

wm 

ESSE 

BI 

bh 


mm 

MSM 

mm 

BI 

■n 

NC 

m 


m 

ETH 

Bi 

bh 

Bl 

Vcc 

■a 

E3BI 

■B 

BI 

bh 

mmmm 

be 

im 

EH 

KOI 

EH 

fm 


Bi 

ESB 

BI 


■a 

EH 








PIN NAMES 


> 

o 

1 

> 

00 

Address Inputs 

DQ0~DQ35 

Data Input/Outputs 

ca55~5aS3 

Column Address Strobe 

RA5U,R^ 

Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (+ 5V) 

Vss 

Ground 

PD 

Presence Detect Pin 
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BLOCK DIASRAM 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

V|N 

-1.0-7.0 

V 

1 

Output Voltage 

VquT 

O 

o 

1 

V 

1 

Power Supply Voltage 

Vcc 

o 

o 

I 

V 

1 

Operating Temperature 

Tqpr 

o 

o 

°C 

1 

Storage Temperature 

Tstg 

-55-125 

“C 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

“C ■ sec 

1 

Power Dissipation 

Pp 

7.2 

w 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°O 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 


ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

mm 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V110%. Ta=0~70*a 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 


OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc = tRc MIN. ) 

THMxxxxxx-60 

- 

1080 



icci 

THMxj<xxxX'70 

- 

960 

mA 

H 

THMxxxxxX'80 

- 

840 



THMxxxxxX'10 

- 

720 


■I 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
{M?=CAS = Vih) 

■ 

24 

mA 

■ 


RA5 ONLY REFRESH CURRENT 

Average Power Supply Current, RA5 Only Mode 
Cycling, Cas=>V|h: tRc = tRc MIN. ) 

THMxxxxxx*60 

- 

1080 



ICC3 . 

THMxxxxxx*70 

- 

960 

mA 


THMxxxxxx-80 

_ 

840 


THMxxxxxx*10 

- 

720 


Hi 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V|L, CAS, Address Cycling: tpc = tpc MIN. 1 

THMxxxxxx-60 

- 

720 


■1 

ICM 

THMxxxxxx*70 

- 

720 

mA 

^B 

THMxxxxxX'BO 

_ 

600 



THMxxxxxx-10 

_ 

480 


■1 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
(^=O^ = Vcc-0.2V) 

■ 

12 

mA 

■ 


?A? BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tRc = tRc MIN. ) 

THIVIxxxxxx-60 

- 

1080 


■1 

<CC6 

THIVIxxxxxx*70 

- 

960 

mA 

H 

THMxxxxxX'80 

- 

840 


THMxxxxxx-10 

- 

720 


MM 

l|(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVS VjmS 6.5V, All Other Pins Not Under Test = OV) 

- 120 

120 

pA 

■ 

l0(L) 

OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OVSVqut^S.SV) 

- 10 

10 

pA 

B 

VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 

B 

B 

B 

B 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iout = 4.2mA) 

B 

■ 

V 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V±10%, Ta = 0~70“C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

THMxxxxxx-80 

THMxxxxxx-10 




MAX. 


MAX. 

IB 

MAX. 


MAX. 



tRC 

Random Read or Write Cycle Time 

■E 

11^1 

■s 

IBI 

B 

■B 

B 

HH 

IB 

IBI 

tpc 

Fast Page Mode Cycle Time 

■ 


■ 


m 

BI 

B 

BI 

B 

Ibi 

tRAC 

Access Time from RAS 

- 

60 

- 

70 

- 

80 

- 

100 

B 

9,14 

kAC 

Access Time from CAS 

- 

20 

- 

20 

- 

20 

- 

25 

B 

9,14 

tAA 

Access Time from Column Address 

- 

30 

B 

35 

- 

40 

- 

50 

B 

9,15 

tCPA 

Access Time from CAS Precharge 

- 

35 

s 

40 

- 

45 

- 

55 

B 

9 

tCLZ 

CAS to output in Low-Z 

0 

- 

0 

- 

0 

- 

0 

- 

B 

9 

tOFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

0 

20 

0 

20 

B 

10 

tT 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

3 

50 

B 

8 

tRP 

RAS Precharge Time 

■ 

IBi 

■ 

BI 

B 

^B 

B 

HB 

B 


tRAS 

RA? Pulse Width 

■ 

10,000 

■ 

10,000 

B 

10,000 

100 

10,000 

B 


tRASP 

RAS Pulse Width (Fast Page Mode) 

■ 

100,000 

B 

100,000 

B 

100,000 

100 

100,000 

B 


kSH 

RAS Hold Time 

■ 


B 

- 

B 

- 

m 

- 

B 


tRHCP 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

35 

- 

40 

- 

45 

m 

B 

BI 

ns 


kSH 

C^ Hold Time 

■ 

- 

B 

- 

B 

- 


- 

B 


tCAS 

ZM Pulse Width 

■ 

10,000 

B 

10,000 

B 

10,000 

Q 

10,000 

B, 


tRCD 

RAS to SA? Delay Time 


40 

B 

50 

B 

60 

BI 

75 

BI 

14 

tRAD 

RAS to Column Address Delay 

Time 

15 

30 

15 

35 

15 

40 

20 

50 

ns 

15 

tCRP 

CAS to RAS Precharge Time 

5 

- 

5 

- 

5 

- 

5 

BI 



tCP 

CAS Precharge Time 

■ 

bh 

B 

BI 

B 

BI 

B 

BI 



Lasr 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

0 

BI 



tRAH 

Row Address Hold Time 

■Bi 

IBII 

BI 

bb 

BI 

bbi 

BBI 

HH 



Use 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

0 

HHI 



tCAH 

Column Address Hold Time 

■BI 

bhi 

■BI 

bbi 

BBI 

^B 

BI 

HHI 



^AR 

Column Address Hold Time 
referenced to RAS 

50 

■I 

55 

- 

60 

m 

75 

IHI 



tpAL 

Column Address to RAS Lead Time 

BI 

bhi 

B 

bhi 

BI 


BI 

HHI 



tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

Dl 

- 

0 

Bll 



tpCH 

Read Command Hold Time 

■1 

- 

0 

- 

-Li 

- 

0 

Hil 


11 
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ELECTRICAL CHARACTERISTICS AND RECOMMSND6D AC OPERATING CONDITIONS 

(Continued) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

THMxxxxxx-80 

THMxxxxxx-10 

UNIT 

NOTE 


MAX. 


MAX. 


MAX. 


MAX. 

^RRH 

Read Command Hold Time 

referenced to RAS 

0 

■ 

■ 

■ 

0 

■ 

D 

B 

ns 

11 

twCH 

Write Command Hold Time 

■ 


■ 


la 



bb 

m 


twCR 

Write Command Hold Time 

referenced to 

45 

■ 

55 

■ 

60 

■ 

75 

■ 

ns 


twp 

Write Command Pulse Width 

■ 

- 

■ 


D 

- 

^9 

- 

m 


tRWL 

Write Command to RAS Lead Time 

■ 

- 

IQ 

- 


■ - 

D 

- 

la 


kWL 

Write Command to CAS Lead Time 

■ 


■ 

- 

o 

- 

Qi 

- 

m 


tos 

Data Set-Up Time 

H 

- 

0 

- 

0 

- 

0 

- 

m 

12 

tOH 

Data Hold Time 

■ 

- 

■ 

- 

la 

- 

m 

- 

m 

12 

tOHR 

Data Hold Time referenced to RAS 

■ 

- 

m 

- - 

m 

- 

a 

- 

m 


tREF 

Refresh Period 

- 

8 

- 

8 

- 

8 

- 

8 



twcs 

Write Command Set-Up Time 

■1 

- 

0 

- 

0 

- 

0 

- 

H 

13 

kSR 

ZM Set-Up Time 
(CAS before Cycle) 

s 

m 

5 

■ 

5 

■ 

5 

B 

ns 


tCHR 

CAS Hold Time 
(CaS before S'aI Cycle) 

15 

■ 

15 

■j 

15 

■ 

20 

B 

ns 


tRPC 

RA$ to CaS Precharge Time 

5 

- 

5 

- 

5 

- 

5 


B 


kPT 

CaS Precharge Time (CAS before 

Ra? Counter Test Cycle) 

30 

■ 

40 

■ 

40 

B 

50 

B 

ns 



CAPACITANCE (Vrr = 5V ± 1 0%. f=1MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CI1 

Input Capacitance (A0~A8) 

- 

88 

PF 

CI2 

Input Capacitance (W) 

- 

84 

PF 

CI3 

Input Capacitance (RAS0,RAS2) 

- 

42 

pF 

CI4 

Input Capacitance (CaS0~CAS3) 

- 

36 

pF 

CDQl 

I/O Capacitance (DQ0~7,9~16, 18~25,27~34) 

- 

17 

pF 

CDQ2 

I/O Capacitance (DQ8, 17,26,35) 

- 

22 

pF 
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NOTES; 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. ICCl) ICC3. ICC4, ICC6 depend on cycle rate. 

4. Iccii ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vil and CAS=Vih. 

6. An initial pause of 200/^s is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vjh and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toE7. (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tgcH or tUHII must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twCS is not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If twcs^twcs (min.), the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) through the entire cycle. 

14. Operation within the tRCO (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If Ircd is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAU (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 
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TIMING WAVEFORMS 
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PAST PAGE MODE READ CYCLE 

















THM362500BS-60, THM362500AS-70, 80, 10 
THM362500BSG-60, THM362500ASG-70, 80, 10 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



: "H" or "L" 
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RA5 ONLY REFRESH CYCLE 



VoH- 

Dout -OPEN 

VoL - 


Note: WRITE = "H" or "L” 
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UaE before r7^ refresh cycle 

I tRC 


tRP 



Note; A0~A8,WRITE = “H' or “L" 
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HIDDEN REFRESH CYCLE (READ: 
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25.40±0.13 
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OUTLINE DRAWINGS 
THM362500AS/ASO 


Unit in mm 

2 - 03.18 + 0.05 



• THM362500AS 


• THM362500ASG 
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262,144 WORDS X 40 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM402500ASG/BSG isa 262,144 words by 40 bits dynamic RAM module which assembled 10 pcs 
of TC514256AJ/BJ on the printed circuit board. 

The THM402500ASG/BSG is optimized for application to the systems which are required high density 
and large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 

FEATURES 

• 262,144 words by 40 bits organization • Low power 

4,950mW MAX. Operating (THMxxxxxx-60) 
4,440mW MAX. Operating (THMxxxxxx-70) 
3,850mW MAX. Operating (THMxxxxxx-80) 
3,300mW MAX. Operating (THMxxxxxx-10) 

55mW MAX. Standby 

• Read-Modify-write,CAS before RAS refresh, 

flAS only refresh, Hidden refresh, and Fast Page 
Mode capability. 

• Fast access time and cycle time #512 Refresh cycles/8ms 

• Single power supply of 5V±10% 

• All inputs and outputs TTL compatible 

• Gold Contact 

• JEDEC OUTLILNE : THM402500BSG - 60, ASG - 70.80,10 



-60 

-70 

-80 

-10 

tRAC RAS Access Time 

60ns 

70ns 

80ns 

100ns 

tAA Column Address 
Access Time 

30ns 

35ns 

40ns 

50ns 

tcAC CAS Access Time 

20ns 

20ns 

20ns 

25ns 

Irc Cycle Time 

110ns 

130ns 

150ns 

180ns 

tpc Fast Page Mode 

Cycle Time 

45ns 

45ns 

50ns 

60ns 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 


THM402500ASG/BSG 


36 


37 


72 


CO 

< 

1 

o 

< 

Address Inputs 

DQ0~DQ39 

Data Inputs/Outputs 

CA5 

Column Address 5trobe 

Ra5 

Row Address 5trobe 

W 

Read/Write Input 

UE 

Output Enable 

Vcc 

Power (+ 5V) 

Vss 

Ground 

PD 

Presence Detect Pin 


1 

Vss 

13 

A1 

25 

DQ13 

37 

DQ19 

49 

DQ22 

61 

DQ33 






2 

DQO 

14 

A2 

26 

DQ14 

38 

DQ20 

50 

DQ23 

62 

DQ34 






3 

DQ1 

15 

A3 

27 

DQ15 

39 

Vss 

51 

DQ24 

63 

DQ35 






4 

DQ2 

16 

A4 

28 

A7 

40 

CaJ 

52 

DQ25 

64 

DQ36 






5 

DQ3 

17 

A5 

29 

DQ16 

41 

NC 

53 

DQ26 

65 

DQ37 






6 

DQ4 

18 

A6 

30 

Vcc 

42 

NC 

54 

DQ27 

66 

DQ38 


-60 

-70 

-80 

-10 

7 

DQ5 

19 

Ue 

31 

A8 

43 

NC 

55 

DQ28 

67 

PDO 

PDO 

Vss 

Vss 

Vss 

Vss 

8 

DQ6 

20 

DQ8 

32 

NC 

44 

m 

56 

DQ29 

68 

PD1 

PD1 

NC 

NC 

NC 

NC 

9 

DQ7 

21 

DQ9 

33 

NC 

45 

NC 

57 

DO30 

69 

PD2 

PD2 

NC 

VJS 

NC 

V}5 

10 

Vcc 

22 

DQ10 

34 

NC 

46 

DQ21 

58 

D031 

70 

PD3 

PD3 

NC 

NC 

JiSL- 

ViS 

11 

NC 

23 

DQ11 

35 

DQ17 

47 

W 

59 

Vcc 

71 

DQ39 






12 

AO 

_24_ 

D012 

36 

DQ18 

48 

Vss 

60 

D032 

72 

Vss 
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BLOCK DIAGRAM 



Vcc o--j--► MO-9 

V/ T 

Vss o-^-1---^-► MO-9 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V|N 

- 1.0-7.0 

V 

1 

Output Voltage 

VoUT 

- 1.0~7.0 

V 

1 

Power Supply Voltage 

Vcc 

-1.0-7.0 

V 

1 

Operating Temperature 

Topr 

0-70 

'C 

1 

Storage Temperature 

Tstg 

-55-125 


1 

Soldering Temperature • Time 

Tsoloer 

260 ■ 10 

"C • sec 

1 

Power Dissipation 

Pd 

6.0 

w 

1 

Short Circuit Output Current 

ioUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 


V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V'L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vi-r = 5Vt 10%. Ta = 0~70°a 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 


OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CaS, Address Cycling; tRc = tRc MIN. ) 

THMxxxxxx-SO 

- 

900 



kci 

THMxxxxxx.70 

- 

800 


3,4 

THMx)fxxx)(*80 

_ 

700 


5 


THMxxxxxx-10 

- 

600 



ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V|h) 

■ 

20 

mA 

■ 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(IaS Cycling, CSSsVih: tRC = tRc MIN. ) 

THMxxxxxx-60 

- 

900 



ICC3 

THMxxxxxx-70 

- 

800 

mA 

3,5 

THUxxxxxx-80 

_ 

700 


THMxxxxxx-10 

- 

600 




FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RASsVil, CAS, Address Cycling: tpc = tpc MIN. 1 

THMxxxxxx*60 

- 

600 




THMxxxxxx-70 

- 

600 

mA 

3,4 

Icca 

THMxxxxxx-80 

- 

500 

5 


THMxxxxxx-10 

- 

400 



ices 

STANDBY CURRENT 

Power Supply Standby Current 
(^ = CaS=Vcc-0.2V) 

■ 

10 

mA 

■ 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tRc = tRc MIN. ) 

THMxxxxxx-60 

- 

900 


m 

ICC6 

THMxxxxxx-70 

- 

800 

mA 


THMxxxxxx-80 

- 

700 


THMxxxxxx-10 

_ 

600 


H 

■ 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVS VirgSe.SV, All Other Pins Not Under Te$t = OV) 

- 100 

100 

//A 

■ 

io (L) 

OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OVSVqut^S.SV) 

-10 

10 

aA 

B 

VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 

B 

B 

V 

B 

Vql 

OUTPUT LEVEL 

Output "L" Level Voltage (Iout = 4.2mA) 

B 

mn 

V 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


Vrr = 5V± 10%, Ta = 0~70’’C) (Notes 5, 6, 7 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tRMW 

Read-Modify-Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify- 
Write Cycle Time 

Lrac 

Access Time from RAS 

tCAC 

Access Time from CAS 

tAA 

Access Time from Column Address 

tcPA 

Access Time from CAS Precharge 

tCLZ 

CAS to output in Low-Z 

tOPF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

tRAS 

RAS Pulse Width 

Lrasp 

RAS Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

Irhcp 

RAS Hold Time From CAS 

Precharge (Fast Page Mode) 

kSH 

^ Hold Time 

tCAS 

CAS Pulse Width 

'rcd 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay 

Time 

tCRP 

CAS to RAS Precharge Time 

tCP 

CAS Precharge Time 

USR 

Row Address Set-Up Time 

^RAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

Uah 

Column Address Hold Time 

Ur 

Column Address Hold Time 
referenced to RAS 

Iral 

Column Address to RAS Lead Time 

IrCS 

Read Command Set-Up Time 

Lrch 

Read Command Hold Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

tRRH 

Read Command Hold Time 

referenced to RAS 

twCH 

Write Command Hold Time 

twCR 

Write Command Hold Time 

referenced to RAS 

twp 

Write Command Pulse Width 

tRWL 

Write Command to RAS Lead Time 

tcWL 

Write Command to CAS Lead Time 

tos 

Data Set-Up Time 

toH 

Data Hold Time 

tOHR 

Data Hold Time referenced to RAS 

tpEf 

Refresh Period 

twcs 

Write Command Set-Up Time 

tcWD 

CAS to WRITE Delay Time 

tRWO 

kAS to WRITE Delay Time 

tAWD 

Column Address to WRITE Delay 

Time 

kpwo 

CAS Precharge to WRITE Delay 

Time 

kSR 

CA$ Set-Up Time 
(CA5 before RAS Cycle) 

tcHR 

(!a 5 Hold Time 
(CAS before RAi Cycle) 

tRPC 

RAS to CAS Precharge Time 

kPT 

CAS Precharge Time (CAS before 

RAS Counter Test Cycle) 

tROH 

RAS Hold Time referenced to Uf 

tOEA 

OE Access Time 

kED 

OE to Data Delay 

tOEZ 

Output buffer turn off Delay Time 
from 5 e 
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CAPACITANCE (Vrr = 5V110%. f = 1IVIHZ. Ta - 0~70°C) 


SYMBOL 

PARAMETER 

CM 

Input Capacitance 

(A0~A9) 

CI2 

Input Capacitance 

(W, 5E) 

CIS 

Input Capacitance 

{^) 

CI4 

Input Capacitance 

(Ca5) 

CDQ 

I/O Capacitance 

(DQ0~DQ39) 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. ICC3. ICC 4 , ICC6 depend on cycle rate. 

4. Icci. IcC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while !RAS=Vil and CAS = Vih. 

6. An initial pause of 200//S is required after power-up followed by 8 RAS cycles before proper device 

operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

11. Either tpcil oi" tuitll must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twCS. tuwDi tcwD. tAWD and tci’WD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcS— tWCS (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWD=tRWD (min.), tcwD^tcwD (min.) , Iawd^ tAWD (min.) and tcPWD^tcpWD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 

14. Operation within the tucD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tCAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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READ CYCLE 
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1 


Irc 


WRITE CYCLE (EARLY WRITE: 
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Jrc 


Mg ONLY REFRESH CYCLE 








THM402500BSG-60 
THM402500ASG-70, 80, 10 



B-23 














THM402500BSG-60 
THM402500ASG-70, 80, 10 


HIDDEN REFRESH CYCLE (WRITE: 
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25 . 40 ± 0.13 
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OUTLINE DRAWINGS 


• THM402500ASG/BSG (JEDEC OUTLINE) 
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524,288 WORDS X 32 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM325120BS/BSG/AS/ASG is a 524,288 words by 32 bits dynamic RAM module which 
assembled 16 pcs of TC614256AJ/BJ on the printed circuit board. These modules can be as well used 
as 1,048,576 words by 16 bits dynamic RAM module, by means of connecting DQO and DQ16, DQl and 

DQ17, DQ2 and DQ18, ., DQ15 and DQ31, respectively. The These modules are optimized for 

application to the systems which are required high density and large capacity such as main memory of 
the computers and as image memory systems, and to the others which are requested compact size. 


FEATURES 


524,288 words by 32 bits organization 
Fast access time and cycle time 



-60 

-70 

-80 

-10 

tRAC RAS Access Time 

60ns 

70ns 

80n$ 

100ns 

tAA Column Address 
Access Time 

30ns 

3Sns 

40ns 

50ns 

tcAC CAS Access Time 

20ns 

20ns 

20ns 

25ns 

tRc Cycle Time 

115ns 

130ns 

150ns 

180ns 

tpc Fast Page Mode 

Cycle Time 

40ns 

40ns 

45ns 

55ns 


Low Power 

4,048mW MAX. Operating (THMxxxxxx—60) 
3,608mW MAX. Operating (THMxxxxxx-70) 
3,168mW MAX. Operating (THMxxxxxx —80) 
2,728mW MAX. Operating (THMxxxxxx —10) 
88mW MAX. Standby 
Single power supply of 5V±10% 

All inputs and outputs ITL compatible 
512 refresh cycles/8ms 


CAS before RAS refresh, RAS only refresh. Hidden refresh and Fast Page Mode capability 


Package 


THM325120BS 

THM325120AS 

THM325120BSG 

THM325120ASG 


-60 
-70,80,10 
-60 

-70,80,10 


Tin - Lead Contact 
Tin-Lead Contact 
Gold Contact 

Gold Contact 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 


36 


A0~A8 

Address Inputs 

DQ0~DQ31 

Data Inpul/Outputs 

CASC5~CAS3 

Column Address Strobe 

aAS(5~RA§3 

Row Address Strobe 

W 

ReadA/Vrite Input 

Vcc 

Power (+ 5V) 

Vss 

Ground 

PD 

Presence Detect Pin 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

VlN 

o 

1 

p 

1 

V 

1 

Output Voltage 

VquT 

- 1.0~7.0 

V 

1 

Power Supply Voltage 

Vcc 

-1.0~7.0 

V 

■n 

Operating Temperature 

Topr 

o 

1 

o 

"C 


Storage Temperature 

Tstg 

-55~125 

°C 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

“C • sec 

1 

Power Dissipation 

Pd 

9.6 

w 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vi-r = 5V 110%. Ta = 0~70“C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 

icci 

OPERATING CURRENT 

Average Povyer Supply Operating Current 
(RAS, CAS, Address Cycling: tRc = tRC MIN. ) 

THMxxkxxX'60 

- 

736 

mA 

1 

THMxxxxxx-70 

_ 

656 

THMxxxxxX'80 

- 

576 

THMxkxxxX'10 

- 

496 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(P:s = tAS = V|H) 

■ 

32 

mA 

■ 

Icc3 

RA? ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, £AS = Vih: tR<; = tRc MIN. ) 

THMxxxxxx-60 

- 

736 

mA 

B 

THMxxxxxx-70 

- 

656 

THMxxxxxX'80 

- 

576 

THMxxxxxx-10 

- 

496 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = Vii., CAS, Address Cycling: tpc = tpc MIN. \ 

THMxxxxxx-60 

- 

496 

mA 

1 

THMxxxxxX‘70 

- 

496 

THMxxxxxX'80 

- 

416 

THMxxxxxx-10 

- 

336 

'ccs 

STANDBY CURRENT 

Power Supply Standby Current 
(RA?=CA? = Vcc-0.2V) 

■ 

16 

mA 

■ 

kce 

CaS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before Ras 
M ode (RAS, CAS Cycling; tRc = tRc MIN. ) 

THMxxxxxx-60 

- 

736 

mA 

H 

THMxxxxxx-70 

- 

656 

THMxxxxxx-BO 

- 

576 

THMxxxxxx-10 

- 

496 

l|(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V£ V|pjS 6.5V, All Other Pins Not Under Test = 0V) 

- 160 

160 

,,A 

■ 

•o(L) 

OUTPUT LEAKAGE CURRENT 

(DouT is disabled, OVS VqutSS.SV) 

-20 

20 

//A 

■ 

VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 

B 

B 

B 

B 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

B 

0.4 

V 

B 
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ELECTRICAL CHARACTERISTICS AND RECOIVIMENDED AC OPERATING CONDITIONS 

(Vcc = 5V±10%, Ta = 0~70“C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from 

tCAC 

Access Time from CAS 

^AA 

Access Time from Column Address 

tCPA 

Access Time from CAS Precharge 

tCLZ 

CAS to output in Low-Z 

tOFF 

Output Buffer Turn-off Delay 

tj 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

tRAS 

RA? Pulse Width 

tPASP 

RAS Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

tRHCP 

RAS Hold Time From £a? 

Precharge (Fast Page Mode) 

kSH 

CAS Hold Time 

kAS 

Ca 5 Pulse Width 

Ircd 

RAS to CA^f Delay Time 

tRAD 

RAS to Column Address Delay 

Time 

tCRP 

CAS to RAS Precharge Time 

kp 

CAS Precharge Time 

ksR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

Lar 

Column Address Hold Time 
referenced to RAS 

Lral 

Column Address to RAS Lead Time 

Lrcs 

Read Command Set-Up Time 

kcH 

Read Command Hold Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

THMxxxxxx-80 

THMxxxxxx-10 

UNIT 

NOTE 


MAX. 


MAX. 


MAX. 


MAX. 

tpRH 

Read Command Hold Time 

referenced to RAS 

0 

■ 

0 

■ 

B 

■ 

B 


ns 

11 

twCH 

Write Command Hold Time 

■ 

IBl 

■ 

- 

n 

- 

m 

- 

m 


twCR 

Write Command Hold Time 

referenced to RAS 

45 

■ 

55 

■ 

60 

■ 

75 

■ 

ns 


twp 

Write Command Pulse Width 


- 

■ 

- 

D 

. - 

m 

- 

m 


tRWL 

Write Command to RS5 Lead Time 

■ 


■ 

- 

m 

- 

D 

- 

m 


kwL 

Write Command to CA? Lead Time 

■ 

- 




- 

m 

- 

o 


tos 

Data Set-Up Time 

0 

- 


B 

0 

- 

0 

- 

m 

12 

tOH 

Data Hold Time 

■ 

- 

m 

- 

11 

- 

il 

- 

D 

12 

tOHR 

Data Hold Time referenced to RA? 

■ 

- 

m 

- 

m 

- 

B 

- 

D 


tREF 

Refresh Period 

- 

8 

_ 

8 

- 

8 

- 

8 

mi 


twcs 

Write Command Set-Up Time 

B 

- 

0 

- 

0 

- 

D 

- 

B 

13 

tCSR 

CAS Set-Up Time 
(CAS before Ra 5 Cycle) 

1 

■ 

5 

■ 

5 

■ 

5 

■ 

ns 


tCHR 

CaS Hold Time 
(CaS before RAS Cycle) 

15 

■ 

15 

■ 

15 

Bj 

20 

■ 

ns 


tRPC 

Ra 5 to CAS Precharge Time 

5 

- 

5 

- 

5 

- 

5 

- 

Bi 


kPT 

CaS Precharge Time (CAS before 

RAS Counter Test Cycle) 

30 

■ 

40 

■ 

40 

■ 

50 

■ 

ns 



CAPACITANCE (Vrr = 5V± 10%. f=1MHz, Ta = 0~70'’C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CM 

Input Capacitance (A0~A8) 

- 

120 

pF 

CI2 

Input Capacitance (W) 

- 

90 

pF 

CI3 

Input Capacitance (RASS—RAsS) 

- 

40 

pF 

CI4 

Input Capacitance (CAS0~^S3) 

- 

30 

pF 

CDQ1 

I/O Capacitance (DQ0~31) 

- 

25 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. ICCI. ICC3, ICC4. ICC6 depend on cycle rate. 

4. Icci. IcC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vjl and CAS = Vm. 

6. An initial pause of 200//S is required after power-up followed by 8 RAS cycles before proper device 

operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before HAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH (min.) and Vn, (max.) arc reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vn,. 

9. Measured with a load equivalent to 2 Tl’L loads and iOOpF. 

10. toFF (max.) and toF/, (max.) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

11. Either tRCI-1 or tium must be satisfied for a read cycle, 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twes is not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If twcs^ twcs (min.), the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) through the entire cycle. 

14. Operation within the tuci) (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRcl) is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met, 

tRAD (max.) is specified as a reference point only: If tRAU is greater than the specified tRAl) (max.) 
limit, then access time is controlled by tAA- 
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TIMING WAVEFORMS 
READ CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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rKB only refresh cycle 


tRP 
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UM BEFORE RA5 refresh CYCLE 


tRC 
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HroPEN REFRKSH CYCLE (READ 
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OUTLINE DRAWINGS 

THM325120AS/ASG 

Unit in mm 


FRONT SIDE 2-03.18 ±0.05 



BACK SIDE 




mmi 

miH 





1 

1 

mill 

miH 

1 

1 



• TI1M325120AS 



Contacts; Gold 


• TMM325120ASG 
1 I 1.04 + 0.05 



CM 

O 


2.54MIN. 





















NOTES 


524,288 WORDS X 36 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM365120BS/BSG/AS/ASG is a 524,288 words by 36 bits dynamic RAM module which 
assembled 16 pcs of TC514256AJ/BJ and 8 pcs of TC51256T on the printed circuit board. These 
modules can be as well used as 1,048,576 words by 18 bits dynamic RAM module, by means of 

connecting DQO and DQ18, DQl and DQ19, DQ2 and DQ20, ., DQ17 and DQ35, respectively. The 

These modules are optimized for application to the systems which are required high density and large 
capacity such as main memory of the computers and as image memory systems, and to the others 
which are requested compact size. 


FEATURES 

• Low Power 

6,072mW MAX. Operating (THMxxxxxx — 60) 
5,412mW MAX. Operating (THMxxxxxx-70) 
4,752mW MAX. Operating (THMxxxxxx—80) 
4,092mW MAX. Operating (THMxxxxxx -10) 
132mW MAX. Standby 

• Single power supply of 5V ± 10% 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/4ms(Burst Refresh) 

• 512 refresh cycles/8ms(Distributed Refresh) 

• CaS before RA^ refresh, RAS only refresh. Hidden refresh and Fast Page Mode capability 

• Package THM365120BS -60 : Tin - Lead Contact 

THM365120AS -70,80,10 : Tin - Lead Contact 

THM365120BSG -60 : Gold Contact 

THM365120ASG - 70,80,10 : Gold Contact 




PIN NAMES 


CO 

< 

i 

o 

< 

Address Inputs 

DQ0~DQ35 

Data Input/Outputs 

(!aS15~Ca53 

Column Address Strobe 

Ia5C~ra55 

Row Address Strobe 

W 

Read Write Input 

Vcc 

Power (+ 5V) 

Vss 

Ground 

PD 

Presence Detect Pin 
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BLOCK DIAGRAM 



Vcc o 


Vss o- 


T 

X 


CO-11 


MO-23 

MO-23 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNIT 

NOTE 

Input Voltage 

ViN 

1 

o 

o 

V 

1 

Output Voltage 

VOUT 

o 

1 

o 

V 

1 

Power Supply Voltage 

Vcc 

- 1.0-7.0 

V 

1 

Operating Temperature 

Topr 

0~70 

'C 

1 

Storage Temperature 

Tstg 

-55~12S 

•c 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

°C • sec 

1 

Power Dissipation 

Po 

14.4 

W 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5Vt 10%. Ta = 0~70“O 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 


OPERATING CURRENT 

Average Power Supply Operating Current 
(RA5, CAS, Address Cycling: tRc = tRc MIN. ) 

THMxxxxxx-60 

- 

1104 



icci 

THMxxxxxx-rO 

- 

984 

mA 

^B: 

THMxxxxxx-BO 

- 

864 

H: 


THMxxxxxx-10 


744 


WM 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(W = CS?=V|h) 

1 

48 

mA 

■ 


MS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RA5 Cycling, CA5 =V|h: tRc = tRc MIN. ) 

THMxxxxxx-60 

- 

1104 


m 

>CC3 

THMxxxxxx-70 

- 

984 

mA 


THMxxxxxx-80 

- 

864 


THMxxxxxx-IO 

- 

744 


■1 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RaS = V|i., CAS, Address Cycling: tpc = tpc MIN. 1 

THMxxxxxx-60 

_ 

744 


H 

ICC4 

THMxxxxxx>70 

- 

744 

mA 

H 

THMxxxxxx-SO 

_ 

624 



THMxxxxxxOO 

_ 

504 


■■ 

Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(Ra?=Ca 5=Vcc - 0.2 V) 

■ 

24 

mA 

■ 


Ca? before ra5 refresh current 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tRc = tRc MIN. ) 

THMxxxxxx-60 

- 

1104 


mm 

'CC6 

THMxxxxxx-70 

- 

984 

mA 


THMxxxxxx-80 

- 

864 


THMxxxxxx-10 

- 

744 


Hi 

l|(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVS V|nS 6.5V, All Other Pins Not Under Test = 0V) 

-240 

240 

//A 

■ 

l0(L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OVSVqutSS.SV) 

-20 

20 

T'A 

B 

Vqh 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 

D 

■ 

B 

■ 

VoL 

OUTPUT LEVEL 

Output "L' Level Voltage (Iout = 4.2mA) 

■ 

B 

B 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5Vi10%, Ta = 0~70'C)(Notes 6, 7, 8) 




THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 THMxxxxxx-IO 


Ranciom Read or Write Cycle Time 


Fast Page Mode Cycle Time 


Access Time from RAS 


Access Time from CAS 


Access Time from Column Address 


Access Time from CAS Precharge 


CAS to output in Low-2 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Pulse Width (Fast Page Mode) 


RAS Hold Time 


RAS Hold Time From CAS 
Precharge (Fast Page Mode) 


CAS Hold Time 


^ Pulse Width 


RAS to CaS Delay Time 


RAS to Column Address Delay 
Time 


CAS to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Addre ss H old Time 
referenced to RAS 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 



10,000 

IIIQI 

10,000 

IQ 

10,000 

IQ 

10,000 

40 

m 

50 

IQ 

60 

IQ 

75 

30 

15 

35 

15 

40 

20 

50 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

THMxxxxxx-80 

THMxxxxxx-10 

UNIT 

NOTE 


MAX. 


MAX. 


MAX. 


MAX. 

tRRH 

Read Command Hold Time 
referenced to RAS 

0 

■ 

0 

■ 

D 

■ 

0 

■ 

ns 

11 

%CH 

Write Command Hoid Time 

■ 

- 

■ 

- 

B 

- 

B 

- 

B 


twCR 

Write Command Hold Time 

referenced to RaS 

45 

■ 

55 

■ 

60 

a 

75 

■ 

ns 


twp 

Write Command Pulse Width 

■ 

- 

■ 

- 

B 

_ 

El 

- 

D 


Irwl 

Write Command to RAT Lead Time 

■ 

- 

■ 

- 

El 

- 

B 

- 

m 


tcWL 

Write Command to Lead Time 

■ 

- 

■ 

- 

B 

- 

B 

- 

m 


tos 

Data Set-Up Time 

0 

- 

■ 

- 

0 

- 

0 

- 

m 

12 

tOH 

Data Hold Time 

m 

- 

m 

- 

B 

- 

B 

- 

m 

12 

■tOHR 

Data Hold Time referenced to RAS 

■ 

- 

B 

- 

m 

- 

B 

- 

B 


tREF 

Refresh Period 

- 

8 

- 

8 

- 

8 

- 

8 



twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

0 

- 

B 

13 

kSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

5 

■ 

5 

o 

5 

■ 

5 

■ 

ns 


tCHR 

CAS Hold Time 
(CAS before RaS Cycle) 

15 

■ 

15 

■ 

15 

■ 

20 

■ 

ns 


tRPC 

RAS to CaS Precharge Time 

5 

- 

5 

- 

5 

- 

5 

- 

B 


tcPT 

CaS Precharge Time (CaS before 

RAS Counter Test Cycle) 

30 

■ 

40 

■ 

40 

■ 

50 

■ 

ns 



CAPACITANCE (Vrr = 5V ± 10%. f=1MHz, Ta = 0~70“C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

01 

Input Capacitance (A0~A8) 

- 

161 

PF 

02 

Input Capacitance (W) 

- 

168 

PF 

03 

Input Capacitance (RAS0~RAS3) 

- 

42 

pF 

04 

Input Capacitance (CAS0~CAS3) 

- 

42 

pF 

CDQ1 

I/O Capacitance (DQ0~7, 9~16,18~25, 27~34) 

- 

29 

pF 

CDQ2 

I/O Capacitance (DQ8, 17, 26,35) 

- 

39 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss* 

3. Icci. ICC3. ICC4, IcCG depend on cycle rate. 

4. Iccii ICC4 depend on output loading. Specified values are obtained with the output open, 

5. Column address can be changed once or less while RAS=Vil and CAS=Vih. 

6. An initial pause of 200yus is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle, 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twcs is not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If twCS^ twcs (min,), the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) through the entire cycle. 

14. Operation within the tRci) (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tCAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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TIMING WAVEFORMS 
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FAST PAGE MODE READ CYCLE 
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HIDDEN REFRESH CYCLE (READ: 
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OUTLINE DRAWINGS 
THM365120AS/ASG 

Unit in mm 


FRONT SIDE 2-03.18 ±0.05 



BACK SIDE 



'^1 

II 1 


[HHH 

1 II 

} 









■■i 



• THM368120AS 



Contacts: Gold 


• THM366120ASa 


1.04 + 0.05 



in 

fS 
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524,288 WORDS X40 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM405120ASG/BSG is a 524,288 words by 40 bits dynamic RAM module which assembled 20 pcs 
of TC514256AJ/BJ on the printed circuit board. 

The THM405120ASG/BSG is optimized for application to the systems which are required high density 
and large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 

FEATURES 

• Low power 

5,060mW MAX. Operating (THMxxxxxx-60) 
4,510mW MAX. Operating (THMxxxxxx-70) 
3,960mW MAX. Operating (THMxxxxxx-80) 
3,410mW MAX. Operating (THMxxxxxx-10) 
llOmW MAX. Standby 

• Read-Modify-write,CAS before RAS refresh, 

RAS only refresh, Hidden refresh, and Fast Page 
Mode capability. 

• Fast access time and cycle time *512 Refresh cycles/8ms 

• Single power supply of 5V ± 10% 

• All inputs and outputs TTL compatible 

• Gold Contact 

• JEDEC OUTLILNE : THM405120BSG - 60, ASG - 70,80,10 


• 524,288 words by 40 bits organization 



-60 

-70 

-80 

-10 

tRAC RAS Access Time 

60ns 

70ns 

80ns 

100ns 

tAA Column Address 
Access Time 

30ns 

35 ns 

40ns 

50n$ 

tcAC CAS Access Time 

20ns 

20ns 

20ns 

25ns 

tRc Cycle Time 

110ns 

130ns 

150ns 

180ns 

tpc Fast Page Mode 

Cycle Time 

4Sns 

45ns 

50ns 

60ns 


PIN CONNECTION (TOP VIEW) PIN NAMES 


1 36 37 72 


■1 

Vss 

■a 

EDE 

m 

lEI 

■a 

EEiSSi 


EEE 

El 







m 


■a 

A2 

26 

DQ14 

38 

DQ20 

50 

DQ23 

62 

DQ34 






m 

EQH 

■a 

A3 

Bi 

IBSTW 

El 

Vss 

El 

BBWi 

El 







ri 

wssm 

m 

A4 

El 

A7 

HQQ 

CaSU 

52 

DQ25 

64 

DQ36 






m 

Bggi 

■a 

A5 

El 


El 

NC 

53 

DQ26 

65 

DQ37 


MB 

BE 

BE! 


m 

1^91 


mm 

El 

Vcc 

■a 

NC 

El 


BI 

mm 


BI 

moi 

moi 

QQI 

m 

En 

■a 

mm 

El 

A8 

El 


E 


El 

QSQB 

ESI 

Ba 


mm 

HE 

Is 

DQ6 

20 

0Q8 

32 

NC 

m 

Bi 

BI 

IjBRM 

m 

lElB 

B3I 

Bi 

BE 

BE 

BE 

m 

mm 

■D 


El 

mm 

■a 

l^i 

El 


El 

mm 

tm 

mm 

IE 

■E 

IE 

m 

Vcc 

m 

■glM 

m 

NC 

■a 


m 

Ean 

El 

mm 

ESI 

mm 

BHl 

BE 

BE 

ma 

Baii 

El 


m 

mm 

■a 

IEH 

m 

Vcc 

El 

wmm 

El 

|B| 

EH 

■B 

El 

■a 

AO 

El 


m 

l»MH 

El 

Vss 

BI 


■a 

warn 







A0~A8 

Address Inputs 

OQ0~DQ39 

Data Inputs/Outputs 

dASO.CASi 

Column Address Strobe 

Sa55,T1a?T 

Row Address Strobe 

W 

Read/Write Input 


Output Enable 

Vcc 

Power (+ 5V) 

Vss 

Ground 

PD 

Presence Detect Pin 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V|N 

o 

1 

o 

1 

V 

1 

Output Voltage 

VouT 

- 1.0~7.0 

V 

1 

Power Supply Voltage 

Vcc 

-1.0~7.0 

V 

1 

Operating Temperature 

Topr 

0~70 

°C 

1 

Storage Temperature 

Tstg 

-55-125 

•c 

1 

Soldering Temperature-Time 

Tsolder 

260-10 

“C • sec 

1 

Power Dissipation 

Pd 

12.0 

W 

1 

Short Circuit Output Current 

■out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°O 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS(Vrr = 5V± 10%. Ta = 0~70’a 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTE 


OPERATING CURRENT 

Average Power Supply Operating Current 
(F[55, Ca?, Address Cycling: tRc = tRc MIN.) 

THMxxxxxx-eO 

- 

920 



Icci 

THMxxxxxx-70 

- 

820 


3,4 

THMxxxxxx-80 

- 

720 


5 


THMxxxxxX'IO 

- 

620 



ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(rAS = Cas = V|h) 

■ 

40 

mA 

■ 


m;? only refresh current 

Average Power Supply Current, RAS Only Mode 
(Ra? Cycling, £a5=V|h: tRc = tRc MIN. ) 

THMxxxxxx-60 

- 

920 


m 

ICC3 

THMxxxxxx-70 

- 

820 

mA 


THMxxxxxx-80 

- 

720 


THMxxxxxx-10 

- 

620 


H 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = ViL, cAS, Address Cycling: tpc“tpc MIN. 1 

THMxxxxxx-60 

_ 

620 



ic« 

THMxxxxxx-70 

- 

620 

mA 

3,4 

THMxxxxxx>60 

- 

520 

5 


THMxxxxxx*10 

- 

420 



Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(RaS * CaS b Vcc “ 0.2V) 

■ 

20 

mA 

■ 


BEFORE RS5 REFRESH CURRENT 

Average Power Supply Current, CIa 5 Before KAS 
Mode (RAS, Cas Cycling: tRc = tRc MIN. ) 

THMxxxxxx-60 

- 

920 


in 

>CC6 

THMxxxxxx-70 

- 

820 

mA 


THMxxxxxx-80 

- 

720 


THMxxxxkx-10 

- 

620 


m 

•l<L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 VSV|nS 6.5V, All Other Pins Not Under TestaOV) 

-200 

200 

aA 

■ 

‘0(L) 

OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OVSVqut^S.SV) 

-20 

20 

aA 

B 

VoH 

OUTPUT LEVEL 

Output "H* Level Voltage (Iout= -5mA) 

D 

■ 

B 

B 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = A2mA) 

D 

B 

V 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


Vrr = 5V + 10%, Ta = 0~70"C) (Notes 5. 6. 7 



THMxxxxxx-eO THMxxxxxx-70 THMxxxxxx-80 THMxxxxxx-10 


NOTE 


Random Read or Write Cycle Time 


I Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify- 
Write Cycle Time 


Access Time from RA5 


Access Time from CAS 


Access Time from Column Address 


Access Time from CaS Precharge 


CA5 to output in Low-Z 


Output" Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


Ra 5 Precharge Time 


Ra? Pulse Width 


RAS Pulse Width (Fast Page Mode) 


RaS Hold Time 


ftAS Hold Time From CaS 
Precharge (Fast Page Mode) 


CAS Hold Time 


CAS Pulse Width 


RAS to CAS Delay Time 


RAS to Column Address Delay 
Time 


CaS to RAS Precharge Time 


CaS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time- 


Column Address Hold Time 


Column Addre ss H old Time 
referenced to RAS 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 



10,000 

B 

10,000 

B 

10,000 

B 

10,000 

40 

B 

50 

B 

60 

B 

75 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THMxxxxxx-60 

THMxxxxxx-70 

THMxxxxxx-80 

THMxxxxxx-10 

UNIT 

NOTE 


MAX. 


MAX. 


MAX. 


MAX. 

Irrh 

Read Command Hold Time 
referenced to (tAi 

0 

m 

0 


0 

■ 

0 

B 

ns 

11 

twCH 

Write Command Hold Time 

■ 

- 

B 

- 

B 

- 

K»1 

- 

B 


twCR 

Write Command Hold Time 

referenced to RAS 

45 

■ 

55 

■ 

60 


75 

■ 

ns 


twp 

Write Command Pulse Width 

■ 

- 

B 

- 

B 

- 

^9 

- 

B 


^RWL 

Write Command to RAS Lead Time 

B 

- 


- 

B 

- 

B 

- 

B 


tcWL 

Write Command to CaS Lead Time 


- 

B 

- 

B 

- 

B 

- 

B 


tos 

Data Set-Up Time 

0 

- 

0 

- 

0 

- 

B 

- 

B 

12 

Iqh 

Data Hold Time 

B 

- 

B 

- 

B 

- 


- 

B 

12 

toHR 

Data Hold Time referenced to Sa5 

B 

- 

B 

- 

m 

- 

B 

- 

m 


tREF 

Refresh Period 

- 

8 

- 

8 

B 

8 

- 

8 

B 


twcs 

Write Command Set-Up Time 

B 

- 

0 

- 

0 

- 

0 

- 

B 

13 

tcwo 

CaS to WRITE Delay Time 

B 

- 

B 

- 

B 

- 

m 

- 

B 

13 

tRWO 

^ to WRITE Delay Time 

B 

- 

IBI 

- 

m 

- 

na 

- 

B 

13 

tAWO 

Column Address to WRiTE Delay 
Time 

60 

■ 

65 

■ 

70 

B 

85 

B 

ns 

13 

tCPWO 

CaS Precharge to WRITE Delay 

Time 

65 

■ 

65 

■ 

70 

■ 

85 

■ 

ns 

13 

kSR 

CaS Set-Up Time 
(C'a 5 before RAS Cycle) 

5 

■ 

5 

a 

5 

a 

5 

B 

ns 


tCHR 

CaS Hold Time 
(CAS before Ia 5 Cycle) 

15 

■ 

15 

■ 

15 

a 

20 

■ 

ns 


tRPC 

RAS to CAS Precharge Time 

5 

- 

5 

- 

5 

- 

5 

- 

B 


tcPT 

CAS Precharge Time (CAS before 

RAS Counter Test Cycle) 

30 

■ 

40 

■ 

40 

|H| 

50 

■ 

ns 


tROH 

RAS Hold Time referenced to Of 

m 

- 

m 

- 

IB 

- 

m 

- 

B 


^OEA 

Of Access Time 

- 

20 

- 

20 

- 

20 

- 

25 

B 


toED 

of to Data Delay 

H 

- 

m 

- 

m 

- 

B 

- 

B 


tOEZ 

Output buffer turn off Delay Time 
from Of 

0 

20 

0 

20 

0 

20 

0 

25 

ns 

10 

tOEH 

Of Command Hold Time 


- 

H 

- 

m 

- 

B 

- 

B 


^ODS 

Output Disable Set-Up Time 


- 


- 

_L. 

- 

_2_ 

- 

B 
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CAPACITANCE (Vrr = 5V110%. f = 1 MHz. Ta = 0~70°0 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CIl 

Input Capacitance 

(A0~A9) 

- 

130 

pF 

CI2 

Input Capacitance 

(W, SE) 

- 

110 

PF 

CI3 

Input Capacitance 

(Ra55,R73T) 

- 

60 

pF 

CI4 

Input Capacitance 

(CASS.esrr) 

- 

50 

pF 

CDQ 

I/O Capacitance 

(DQ0~DQ39) 

- 

20 

pF 
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NOTES; 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss. 

3. Icci. IcC3. ICC 4 , IcC6 depend on cycle rate. 

4. Icci> fcC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS=Vil and CAS=Vih. 

6. An initial pause of 200 /ks is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT=5ns. 

8. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max,) and toEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twcs. tRWD) tcwD, tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs^ twcS (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWD=tRWD (min.), tcWD^tcWD (min.) , tAWD^ tAWD (min.) and tcPWD^ tcPWD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can he met, 

tRAD (max.) is specified as a reference point only: If tpAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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READ CYCLE 
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WRITE CYCLE (EARLY WRITE] 








WRITE CYCLE (01 CONTROLLED WRITE) 


RA? 

US 

A0~A8 

WRitE 

OF 

DQO- 

DQ39 
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READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE WRITE CYCLE 



: "H" or "L* 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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MS ONLY REFRESH CYCLE 










HIDDEN REFRESH CYCLE (READ: 


RAf 

Ca? 

A0~A8 

WRITE 

UE 

DQ0~DQ39 
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HmPEN REFRESH CYCLE (WRITEl 
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OUTLINE DRAWINGS 

• THM405120ASG/BSG (JEDEC OUTLINE) 



BACK SIDE 


-KJ- 


r ^ 



O 
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131, 072WORDSx8BiTS MULTIPORT DRAM 
DESCRIPTION 


PRELIMINARY 


The TC528126BJ/BZ is a CMOS multiport memoi y equipped with a 131,072-words by 8-bits dynamic random 
access memory (RAM) port and a 256-words by 8-bits static serial access memory (SAM) port. The 
TC')28126BJ/BZ supports three types of operations: landom access to and from the RAM port, high speed 
serial access to and from the SAM port and bidirectional transfer of data between any selected row in the RAM 
port and the SAM port. The RAM port and the SAM port can be accessed independently except when data is 
being transferred between them internally. The TC528126RJ/BZ is fabricated using Tbshiba’s CMOS silicon 
gate process as well as advanced circuit designs to provide low power dissipation and wide operating margins. 


FEATURES 


ITEM 

TC528126BJ/BZ 

-80 

- 10 

Irac RAS Access Time (Max.) 

80ns 

lOOns 

tfAf C7^ Access Time (Max.) 

25ns 

25n$ 

tAA Column Address Access Time (Max.) 

45ns 

50ns 

tRc Cycle Time (Min.) 

150ns 

180ns 

tpc Page Mode Cycle Time (Min.) 

50ns 

55ns 

tscA Serial Access Time (Max,) 

25ns 

2Sns 

tsrc Serial Cycle time (Min.) 

30ns 

30ns 

icci ram Operating Current 
(SAM ; Standby) 

90mA 

75mA 

lcc 2 A SAM Operating Current 
(RAM: Standby) 

50mA 

50mA 

\cn Standby Current 

10mA 

10mA 


• Single power supply of 5V±10% with a built-in 
Vhb generator 

• All inputs and outputs : TTL Compatible 


Organization 

RAM Port : 131,072wordsX8bits 
SAM Port : 256wordsX8bits 
RAM Port 

Fast Page Mode . Read - Modify - Write 
CAS before RAS Refresh, Hidden Refresh 
RAS only Refresh, Write per Bit 
512 refresh cycles/8ms 
SAM Port 

High Speed Serial Read/Write Capability 
256 T^ Locations 
Fully Static Register 
RAM-SAM Bidirectional Transfer 
Read/Write/Pseudo Write Transfer 
Real Time Read Transfer 

TC528126BJ :SOJ40-P-400 
TC528126BZ : ZIP40 - P - 475 


PIN NAME 


PIN CONNECTION 


A0~A8 

Address inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

DT/Of 

Data Transfer/Output Enable 

WB/WE 

Write per Bit/Write Enable 

W1/I01~W8/I08 

Write Mask/Data IN, OUT 

SC 

Serial Clock 

sE 

Serial Enable 

? 

0 

cc 

Serial Input/Output 

Vcc/Vss 

Power (5V)/Ground 

N.C. 

No Connection 


TC52812GBJ 



W6/I06 

W5/I05 

VsS2 

NC 

NC 

CAS 

NC 

AO 

A1 

A2 

A3 

A7 


WI05 
WI07 
SE 
Si06 
SI08 
SC 
SI02 
SI04 
WI01 
WI03 
WI04 [\ 
WB/WE 
AS 
Vss3 
AS 
NC 
A7 
A2 
AO 
CAf 


2 ] 
4 ] 
6 ] 
8 ] 
10 ] 
12 ] 
14 ] 
16 ] 
18 ] 
20 ] 
22 ] 
24 ] 
26 ] 
28 ] 
30 ] 
32 ] 
34 ] 
36 ] 
38 ] 
40 ] 


WI06 

WI08 

SI05 

S107 

ViSl 

SIOl 

SI03_ 

bf/ol 

WI02 

V 552 

Vopi 

RAS 

A6 

NC 

A4 

Vdd2 

A3 

A1 

NC 

NC 


C-1 






















Tpcno-iocD 1/0-7 on Tr^coQ-ioftO 1/0*7 in 

I I £i.\JU%J/ I I I W 


BLOCK DIAGRAM 



A0~A8 


C-2 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

NOTE 

V|N, VouT 

Input Output Voltage 

1 

O 

o 

V 


Vec 

Power Supply Voltage 

- 1.0~7.0 

V 


Topr 

Operating Temperature 

0~70 

“C 

mm 

lsr<3 

Storage Temperature 

-55-150 

°C 

1 

ISOLDER 

Soldering Temperature • Time 

260-10 

°C-sec 

1 

Pa 

Power Dissipation 

1 

w 

1 

loiJT 

Short Circuit Output Current 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70“C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


CAPACITANCE (Vcc = 5V, f=1MH2, Ta = 25“C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C| 

Input Capacitance 

- 

7 

pF 

Cio 

Input/Output Capacitance 

- 

9 


Le : Tliu paranicttr is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V± 10%, Ta = 0~70‘’C) 


ITEM (RAM PORT) 


OPERATING CURRENT 

/ RM, CAS' Cycling ^ 
^tRc = tRc min. 


STANDBY CURRENT 

(RAS, CAS' = Vih) 


I'M ONLY REFRESH CURRENT 

/RAS Cycling, 5a5=V,h \ 
^tRC = tRc min. / 


PAGE MODE CURRENT 

/'i^M = V|L, CAS Cycling '] 
'^tpc = tpc min. 


CAS BEFORE RAS REFRESH CURRENT 


SAM PORT SYMBOL 


TC528126BJ/BZ-80 TCS28126BJ/BZ-10 


MIN. MAX. MIN. MAX. 


/'RAS Cycling, CAS Before RAS\ 
Vtfic = tRcmin. / 


vtRc = tRC min. 


DATA TRANSFER CURRENT 


/raS, CAS Cycling') 
'^tRc = tRc min. ^ 


Standby 

Icci 

Active 

•cciA 

Standby 

•ccz 

Active 

ICC2A 

Standby 

ICC3 

Active 

ICC3A 

Slondby 

Icc^i 

Active 

ICC4A 

Standby 

Ices 

Active 

•ceSA 

Standby 

•CC6 

Active 

•ceSA 


■ 


B 


ITEM 

SYMBOL 

MIN. 

MAX. 

UNIT 

INPUT LEAKAGE CURRENT 

OVSaViiM^e.SV, All other pins not under test = 0V 


- 10 

10 

pA 

OUTPUT LEAKAGE CURRENT 

0V£VouT“ 5.5V, Output Disable 

'o(L) 

- 10 

10 

pA 


OUTPUT "H" LEVEL VOLTAGE 
louT = ~ 2mA 


OUTPUT "L" LEVEL VOLTAGE 
iouT = 2mA 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 

(Vcc = 5V ± 10%, Ta = 0~70°C) (Notes : 5, 6, 7) 


SYMBOL 

parameter 

TC528126BJ/BZ-80 

MIN. 

MAX. 

txc 

Rnndom Read or Write Cycle Time 

150 


Irmvv 

Read - Modify-. Write Cycle Time 

195 


tpc 

Fast Page Mode Cycle Time 

50 

BB 


Fast Page Mode Read• Modify■ Wole Cycle 

Time 

90 



Access Time from ^3 


80 

^AA 

Access Time from Column Address 

IHHI 

45 

tCAC 

Access Time from CAS 


25 

tCPA 

Access Time from CAS Precharge 


45 

tOFF 

Output Buffer Turn-Off Delay 

0 

20 

tT 

Transition Time (Rise and Fall) 

3 

35 

Irp 

RAS Precharge Time 

60 


'ras 

RAS Pulse Width 

80 

10000 

tRASP 

RAS Pulse Width (Fast Page Mode Only) 

80 

100000 

tRSH 

RA? Fiold Time 

25 


kSH 

c;a 5 Hold Time 

80 


tCAS 

Ca 5 Pulse Width 

25 

10000 

tRCO 

1a? to CAS Delay Time 

20 

55 

tRAD 

RAS to Column Address Delay Time 

15 

35 

tRAL 

Column Address to RAS Lead Time 

45 


kRP 

CAS to R^ Precharge Time 

10 


kPN 

CAS Precharge Time 

10 


kp 

CAS Precharge Time (Fast Page Mode) 

10 


^ASR 

Row Address Set-Up Time 

0 


kAH 

Row Address Hold Time 

10 


^ASC 

Column Address Set-Up Time 

0 


kAH 

Column Address Hold Time 

15 


Ur 

Column Address Hold Time referenced to RAS 

55 


tRCS 

Read Command Set-Up Time 

0 


tRCH 

Read Command Hold Time 

0 


kPH 

Read Command Hold Time referenced to RAS 

0 


twCH 

Write Command Hold Time 

15 


twCR 

Write Command Hold Time referenced to RAS 

55 


twp 

Write Command Pulse Width 

15 


kWL 

Write Command to RA5 Lead Time 

20 

llllHi' 

tcWL 

Write Command to CAS Lead Time 

20 



TC528126BJ/BZ-10 
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TC5281268J/BZ-80 

TC5281268J/8Z-10 j 

1 MIN. 

MAX. 

MIN. 

MAX. 1 


UNIT NOTE 



Data 5et-dp Time 


Dali) Hold Time 


Data Hold Time referenced to RA'S 


Write Command Set-Up Time 


RA!) to WE Delay Time 


Column Address to WE Delay Time 


C’A'S to WE Delay Time 


Data to CAS Delay Time 


Data to QE' Delay Time 


Access Time from OE 


Output Buffer Turn-off Delay from OE 


BE to Data Delay Time 


OE Command Hold Time 


RAS Hold Time referenced to OE 


CAS Set-Up Time for CAS Before RAS Cycle 


CAS Hold Time for CAS Before RAS Cycle 


RAS Precharge to CAS Active Time 


Refresh Period 


WB Set-Up Time 


WS Hold Time 


Write-Per-Bit Mask Data Set-Up Time 


Write-Per-Bit Mask Data Hold Time 


DT High Set-Up Time 


High Hold Time 


BY Low Set-Up Time 


DT Low Hold Time 


DT Low Hold Time referenced to RAS 
(Real Time Read Transfer) 


DT Low Hold Time referenced to Column 
Address (Real Time Read Transfer) 


DT Low Hold Time referenced to CAS 
(Real Time Read Transfer) 
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SYMBOL 

PARAMETER 


SE Sel-Up Time referenced to RAS 

'reh 

SE Hold Time referenced to RAS 


uT to RAS Precherge Time 

t-TP 

DT Precharge Time 

tp.SD 

RAS to First SC Delay Time (Read Transfer) 

Uso 

Column Address to First SC Delay Time 

(Read Transfer) 

kso 

CAS to First SC Delay Time (Read Transfer) 

trsL 

Last SC to DT Lead Time 

(Real Time Read Transfer) 

tTSD 

DT to First SC Delay Time (Read Transfer) 

tSRS 

Last SC to RAS Set-Up Time (Serial Input) 

t'iRO 

RAS to First SC Delay Time (Serial Input) 

tSDO 

RM to Serial Input Delay Time 

ISDZ 

Serial Output Buffer Turn-off Delay from RAS 

(Pseudo Write Transfer) 

^SCC 

SC Cycle Time 

tsc 

SC Pulse Width (SC High Time) 

tSCP 

SC Precharge Time (SC Low Time) 

tSCA 

Access Time from SC 

tsOH 

Serial Output Hold Time from SC 

<505 

Serial Input Set-Up Time 

tSDH 

Serial Input Hold Time 

tSEA 

Access Time from BE 

ISE 

SE Pulse Width 

tSEP 

SE Precharge Time 

tSEZ 

Serial Output Buffer Turn-off Delay from SE 

tsZE 

Serial Input to S? Delay Time 

tszs 

Serial Input to First SC Delay Time 

li'AS 

Serial Write Enable Set-Up Time 

■tSWH 

Serial Write Enable Hold Time 

tswis 

Serial Write Disable Set-Up Time 

tswin 

Serial Write Disable Hold Time 


I TC528126BJ/BZ-80 

TC528126BJ/BZ-10 | 

1 MIN. 

MAX. 

MIN. 

MAX. 1 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. 

2. All voltage are referenced to Vss. 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the 
output open. 

5. All initial pause of 200ys is required after power-up followed by any 8 RAS cycles (DT/UE 
“higli”) and any S SC cycles before proper device operation is achieved. In case of using 
internal refresh counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 
RAS cycles are required. 

6. AC measurements assume tT = 5ns. 

7- ViH(min.) and ViL(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil. 

8. RAM port outputs are measured with a load equivalent to 1 ITL load and lOOpF. 

Dqut reference levels ; Von/ Vol = 2.0V/0.8V. 

9. SAM port outputs are measured with a load equivalent to 1 TTL load and 30pF. 

Dout reference levels : Voh/Vol=2.0V/0.8V. 

10. toFF(max.)i tOEZ(mux.) . tsDZ(max.) and tsEZ (max.) define the time at which the outputs 
achieve the open circuit condition and are not referenced to output voltage levels. 

11. Either tucil or tRKu must be satisfied for a read cycles. 

12. These parameters'are referenced to CAS leading edge of early write cycles and to WB/WE 
leading edge in OE-controlled write cycle and read-modify-write cycles. 

13. twcSi tilwDi tewD and Iawd are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twCS—twCS (min.)i the cycle is an 
early write cycles and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; If tuwD^tiiWDCnun.), tcWD= teWD (min.) and tAWD= tAWD(min.) 
the cycle is a read-inodlfy-write cycle and the data out will contain data read fi’om the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 

14. Operation within the tucDCmax.) limit insures that tgACCmax.) can be met. 

taCD (max.) is specified as a reference point only ; If tucD is greater than the specified 
tRCD(max.) limit, then access time is controlled by tCAC- 

15. Operation within the tRAD(inax.) limit insui'es that tRAC(max.) can be met. tHAD(max.) is 
specified as a reference point only: If Irad is greater than the specified tRAD(max.) limit, 
then access time is controlled by Iaa- 
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FA ST PAGE MODE READ - MODIFY - WRTTE CYCLE 
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RAS ONLY RRFRESI-I CYCLF. 


tRC 


.I 
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SERIAL WRITE CYCLE (gE^Vn.) 



SERIAL WBn^E CYCLE (S'E Controlled Inputs) 
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PIN FUNCTION 

ADDRESS INPUTS : An - A « 

The 17 address bits required to decode 8 bits of the 1,048,576 cell locations within the dynamic 
RAM memory array of the TC52ai26BJ/EZ are multiplexed onto 9 address input pins (Ao~A 3 ). 
Nine row address bits are latched on the falling edge of the row address strobe (RAS) and the 
following eight column address bits are latched on the falling edge of the column address strobe 
(CSS). 

ROW ADDRESS STROBE : FAg 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the 
control input that latches the row address bits and the states of CAS, DT/OE, WB/WE and 5E to 
invoke the various random access and data transfer operating modes shown in Table 2. 

RAS has minimum and maximum pulse widths and a minimum precharge requirement which must 
be maintained for proper device operation and data integrity. The RAM port is placed in standby 
mode when the RAS control is held “high”. 

COLUMN ADDRESS STROBE : C'XS 

(3A^ is the control input that latches the column address bits. CAS has minimum and 
maximum pulse widths and a minimum precharge requirement which must be maintained for 
proper device operation and data integrity. CAS also acts as an output enable for the output 
buffers on the RAM port. 

DATA TRANSFER/OUTPUT ENABLE :.!yr/OE 

The DT/OE input is a multifunction pin. When DT/OE is “high” at the falling edge of RAS, 
RAM port operations are performed and DT/OE is used as an output enable control. When the 
DT/OE is “low” at the falling edge of RAS, a data transfer operation is started between the RAM 
port and the SAM port. 

WRITE PER BIT/WRITE ENABLE : WB/WE 

The WB/WE input is also a multifunction pin. When WB/WE is “high” at the falling edge of 
RAS, during RAM port operations, it is used to write data into the memory array in the same 
manner as a standard DRAM. When WB/WE is “low” at the falling edge of RAS, during RAM 
port operations, the write-per-bit function is enabled. The WB/WE input also determines the 
direction of data transfer between the RAM array and the serial register (SAM). 

When WB / WE is “high” at the falling edge of RAS, the data is transferred from RAM to SAM 
(read transfer). When WB/WE is “low” at the falling edge of RAS, the data is transferred from 
SAM to RAM (write transfer). 
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^VR^^E MASK DATA/DATA INPUT AND OUTPUT : \VWIOi~Wr/IQs 

When the write-per-bit function is enabled, the mask data on the Wi/IOi pins is latched into 
the write mask register (WMl) at the falling edge of RAS. Data is written into the DRAM on 
data lines where the write-mask data is a logic “1”. Writing is inhibited on data lines v/here the 
writc-mask data is a logic “0”. The write-mask data is valid for only one cycle. Data is written 
into the RAM port during a write or read-modify-write cycle. The input data is latched at the 
falling edge of either CAS or WB/WE, whichever occurs late. During an early-write cycle, the 
outputs are in the high-impedance state. Data is read out of the RAM port during a read or 
read-modify-write cycle. The output data becomes valid on the Wi/IOi pins after the specified 
access times from RAS, CAS, DT/OE and column address are satisfied and will remain valid as 
long as CAS and DT/OE are kept “low”. The outputs will return to the high-impedance state at 
the rising edge of either CAS or DT/OE, whichever occurs first. 

Sl'P.TAL CLOCK : SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in 
or ovit of the SAM registers at the rising edge of SC. In a serial read, the output data becomes 
valid on the SIO pins after the maximum specified sei'ial access time tsCA from the rising edge of 
SC. The serial clock SC also increments the 8-bits serial pointer which is used to select the SAM 
address. The. pointer address is incremented in a wrap-around mode to select sequential locations 
after the starting location which is determined by the column address in the read transfer cycle. 
When the pointer reaches the most significant address location (decimal 255), the next SC clock 
will place it at the least significant address location (decimal 0). 

The serial clock SC must be held at a constant Vm or Vil level during read transfer/pseudo write 
transfer/write transfer operations and should not be clocked while the SAM port is in the standby 
mode to prevent the SAM pointer from being incremented. 

SERTAT . ENABT.E : ^ 

The SE” input is used to enable serial access operation. In a serial read cycle, BE is used as 
an output control. In a serial write cycle, SE is used as a write enable control. When BE is 
“high”, serial access is disabled, however, the serial address pointer location is still incremented 
when SC is clocked even w-hen SE is “high”. 

SERIAL INPUT/OUTPUT : SI0l~SI08 

Serial input and serial output share common L'O pins. Serial input or output mode is 
determined by the most recent read, write or pseudo write transfer cycle. When a read transfer 
cycle is performed, the SAM port is in the output mode. When a write, or pseudo write transfer 
cycle is performed, the SAM port is switched from output mode to input mode. During subsequent 
write transfer cycle, the SA.M remains in the input mode. 
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OPERATION MODE 

The RAM port and data transfer operating of the TC528126BJ/BZ are determined by the state 
of CAS, DTVOE^, WB/ WE and SE at the falling edge of IlAS, The Table 1 and the Table 2 show 
the operation truth table and the functional truth table for a listing of all available RAM port and 
transfer operation, respectively. 


Table 1. Operation Truth Table 





DT/OE 

WB/WE 


_ 0 ^ 

* 

* 

* 

CAS before RAS Refresh 


0 

0 

0 

Write Transfer 

SB 

0 

0 

1 

Pseudo Write Transfer 

1 

0 

1 

• 

Read Transfer 

1 

iniBi 

0 

* 

Read/Write per Bit 

1 

SB 

1 

* 

Read / Write 


Table 2, Functional Truth Table 


Function 

RAS ’'L 

Address 

W/10 

Write Mask 


DT/CJC 

WbAve 

Se 

RAS “L 

CAS ~L 

RAS ~1l 

CAS 1_ 
Wi 

WM1 

CAS before RAS Refresh 

n 

Bi 

* 

* 

* 

- 

IIIIBIIIII 

- 

- 

Write Transfer 

B 

B 

0 

0 

Row 

TAP 

B 

Hr 

- 

Pseudo Write Transfer 

1 

0 

0 

g 

Row 

TAP 


gi 

- 

Read Transfer 

1 

0 

1 

B 

Row 

TAP 


B 

- 

Write per Bit 

1 

BI 

0 

B 

Row 

Column 

WM1 

DIN 

Load use 

Read / Write 

1 

m 

Bi 

B 

Row 

Column 

* 

DIN 

- 


* ; “0” or “1” , TAP : SAM start address , — : not used 
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RAM PORT OPERATION 
FAST PAGE MODE CYCLE 

Fast page mode allows data to be transferred into or out of multiple column locations of the 
same row by performing multiple CaS cycle during a single active RAS cycle. During a fast page 
cycle, the RAS signal may be maintained active for a period up to 100 pseconds. For the initial 
fast page mode access, the output data is valid after the specified access times from RA§, CAS, 
column address and DT/OE. For all subsequent fast page mode read operations, the output data 
is valid after the specified access times from CAS, column address and DT/OE. When the 
write-per-bit function is enabled, the mask data latched at the falling edge of RAS is maintained 
throughout the fast page mode write or read-modify-writc cycle. 

MS-ONLY REFRESH 

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is 
accomplished by performing a memory cycle at each of the 512 rows in the DRAM array within 
the specified 8ms refresh period. Although any normal memory cycle will perform the refresh 
operation, this function is most easily accomplished with “RAS-Only” cycle. 

CA'S-BEFORE-RAS REFRESH 

The TC528126BJ/BZ also offers an internal-refresh function. When CAS is held “low” for a 
specified period (tesR) before RAS goes “low”, an internal refresh address counter and on-chip 
refresh control clock generators are enabled and an intenral refresh operation takes place. When 
the refresh operation is completed, the internal refresh address counter is automatically 
incremented in preparation for the next CAS-befoi*e-lvAS cycle. For successive CAS-before-RAS 
refresh cycle, CAS can remain “low” while cycling RAS. 

HI DDEN REFRESH 

A hidden refresh is a CAS-befox c-RAS refresh performed by holding CAS “low” from a previous 
read cycle. This allows for the output data froiii the previous memory cycle to remain valid while 
performing a refresh. The internal refresh address counter provides the address and the refresh is 
accomplished by cycling RAS after the specified RAS-pi‘echarge period (Refer to Figure 1). 


"Memory Cycle 


Refresh Cycle 


Refresh Cycle 




CAS 

W1/I01 

i 

W8/I08 


Valici Data Output 


> 


Figure 1. Hidden Refresh Cycle 
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The wrile-per-bit function selectively controls the intei'nal write-enable circuits of the RAM 
port. When WB/\VE is held “low” at the falling edge of HAS, during a random access operation, 
the write-mask is enabled. At the same time, the mask data on the Wi/IO] pins is latched onto 
the write-mask register (WMl). When a “0” is sensed on any of the Wi / lOi pins, their 
corresponding write circuits are disabled and new data will not be written. When a “1” is sensed 
on any of the Wi/IOi pins, their corresponding write circuits will remain enabled so that new data 
is written. The truth table of the write-per-bit function is shown in Table 3. 


Table 3. Truth table for write-per-bit function 
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SAM PORT OPERATION 

The TC528126BJ/BZ is provided with a 256 words by Shits serial access memory (SAM). 

High speed serial read or write operations can be performed through the SAM port independent of 
tile RAM port operations, except during read transfer/write transfer/pseudo-write transfer cycles. 
The preceding transfer operation determines the direction of data flow through the SAM port. 

If the preceding transfer operation is a read transfer, the SAM port is in the output mode. 

If the preceding transfer operation is a write or pseudo write transfer, the SAM port is in the 
input mode. The pseudo write transfer operation only switches the SAM port from output mode to 
input mode; Data is not transferred from SAM to RAM. 

Serial data can be read out of the SAM port after a read transfer (RAM—'SAM) has been 
performed. The data is shifted out of the SAM port starting at any of the 256 bits locations. 

The TAP location corresponds to the column address selected at the falling edge of CAS during the 
read transfer cycle. The SAM registers are configured as circular data registers. The data is 
shifted out sequentially starting from the selected tap location to the most significant bit and then 
wraps around to the least significant bit, as illustrated below. 


Start address ; Tap location 


n 

■I 

n 


11 

lli 



Qi 

HQ 

y 

u 

y 

■BBBI 

M 

m 

HBBBBBBBBBBillli 


Subsequent real-time read transfer may be performed on-the-fly as many times as desired, 
within the refresh constraints of the DRAM array. Simultaneous serial read operation can be 
performed with some timing restrictions. A pseudo write transfer cycle is performed to change the 
SAM port from output mode to input mode in order to write data into the serial registers through 
the SAM port. A write transfer cycle must be used subsequently to load the SAM data into the 
RAM row selected by the row address at the falling edge of RAS. The starting location in the 
SAM registers for the next serial write is selected by the column address at the falling edge of 
C7vS. The truth table for single i-egister mode SAM operation is shown in Table 4. 
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Table 4. Truth Table for SAM Port Operation 


SAM PORT 

OPERATION 

DT/OE at the 

falling edge of ^S 

SC 

SE 

FUNCTION 

Preceded by a 

Serial Output Mode 

H 

_rL 

L 

Enable Serial Read 

Read Transfer 

H 

Disable Serial Read 

Serial Input Mode 

_rL 

L 

Enable Serial Write 

Write Transfer 

H 

Disable Serial Write 

Serial Input Mode 

J~L 

L 

Enable Serial Write 

Pseudo Write Transfer 

H 

Disable Serial Write 


REFRESH 

The SAM data registers are static flip-flop, therefore a refresh is not required. 


DATA TRANSFER OPERATION 

The TC528126BJ/BZ features internal bidirectional data transfer capability between RAM and 
the SAM, as shown in Figure 4. During a transfer, 256 words by 8 bits of data can be loaded from 
RAM to SAM (Read Transfer) or from SAM to RAM (Write Transfer), 



0 


256x8 


Figure 4. Data Transfer 
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As shown in Table 5, the TC528126BJ/BZ supports three types of transfer operations: Read 
transfer, Write transfer and Pseudo write transfer. Data transfer operations between RAM and 
SAM are invoked by holding the DT/OE signal “low” at the falling edge of RAS. The type of 
data transfer operation is determined by the state of CAS, WB/WE and §E latched at the falling 
edge of RAS. During data transfer operations, the SAM port is switched from input to output 
mode (Read transfer) or output to input mode (Write transfer/Pseudo write transfer). During a 
data transfer cycle, the row address Ao'-As select one of the 512 rows of the memory array to or 
from which data will be transferred and the column address Ao~A 7 select one of the tap locations 
in the serial register. The selected tap location is the start position in the SAM port from which 
the first serial data will be read out during the subsequent serial read cycle or the start position in 
the SAM port into which the first serial data will be written during the subsequent serial write 
cycle. 


Table 5. Transfer Modes 


at the falling edge of RAS 

Transfer Mode 

Transfer Direction 

Transfer Bit 

SAM Port Mode 

OkS 

DT/OE 

WB/WE 

SE 

H 

L 

H 

* 

Read Transfer 

RAM -> SAM 

256x8 

Input -» Output 

H 

L 

L 


Write Transfer 

SAM -> RAM 

256x8 

Output -♦ Input 

H 

L 

L 

H • 

Pseudo Write Transfer 

- 

- 

Output -* Input 


» : "H" or “L" 


READ TRANSFER CYCLE 

A read transfer consists of loading a selected row of data from the RAM array into the SAM 
register. A read transfer is invoiced by holding CAS “high”, DT/OE “low” and WB/WE “high” at 
the falling edge of RAS. The row address selected at the falling edge of RAS determines the RAM 
row to be transferred into the SAM. The transfer cycle is completed at the rising edge of DT/OE. 
When the transfer is completed, the SAM port is set into the output mode. In a read/real time 
read transfer cycle, the transfer of a new row of data is completed at the rising edge of DT/OE 
and this data becomes valid on the SIO lines after the specified access time tscA from the rising 
edge of the subsequent serial clock (SC) cycle. The start address of the serial pointer of the SAM 
is determined by the column address selected at the falling edge of CAS. 

Figure 5 shows the operation block diagram for read transfer operation. 
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In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be 
held at a constant Vij^ or Vm, after the SC high time has been satisfied. A rising edge of the SC 
clock must not occur until after the specified delay ti'SD from the rising edge of DT/OE, as shown 
in Figure 6. 


RAS 

CAS 

A0~A8 

Wb/we 


f 









DT/OE 

SC 

SIO 




Figure 6. Read Transfer Timing 

In a real time read transfer cycle (which is preceded by another read transfer cycle), the 
previous row data appears on the SIO lines until the DT/OE signal goes “high” and the serial 
access time tsCA for the following serial clock is satisfied. This feature allows for the first bit of 
the new row of data to appear on the serial output as soon as the last bit of the previous row has 
been strobed without any timing loss. To make this continuous data flow possible, the rising edge 
of DT/OE must be synchronized with RAS, CaS and the subsequent rising edge of SC (tuTIh tcTlI. 
and t'l'SL/tTSD must be satisfied), as shown in Figure 7. 

The timing restriction txsL/tTSD are 5ns min/15ns min. 
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Figure 7. Real Time Read Transfer 

WRITE TRANSFER CYCLE 

A write transfer cycle consist of loading the content of the SAM register into a selected row of 
the RAM array. If the SAM data to be transferred must first be loaded through the SAM port, a 
pseudo write transfer operation must precede the write transfer cycles. However, if the SAM port 
data to be transferred into the RAM was previously loaded into the SAM via a read transfer, the 
SAM to RAM transfer can be executed simply by performing a write transfer directly, A write 
transfer is invoked by holding CAS “high”, DT/SE “low”, 'W’SiWE “low” and SE “low” at the 
falling edge of IIAS. 

Figure 8 and 9 show the timing diagram and block diagram for write transfer operations, 
respectively. 



Figure 8. Write Transfer Timing 













TC528126BJ/BZ-80, TC528126BJ/BZ-10 


The row address selected at the falling edge of RAS determines the RAM row address into 
which the data will be transferred. The column address selected at the falling edge of CAS 
delernrines the start address of the serial pointer of the SAM. After the write transfer is 
completed, the SIO lines are set in the input mode so that serial data synchronized with the SC 
clock can be loaded. 



Figure 9. Block Diagram for Write Transfer Operation 

V/hen consecutive write transfer operations are performed, new data must not be written into 
the serial register until the RAS cycle of the preceding write transfer is completed. Consequently, 
the SC clock must be held at a constant Vig or Vih during the RAS cycle. A rising edge of the 
SC clock is only allowed after the specified delay tsRD Rom the rising edge of RAS, at which time 
a new row of data can be written in the serial I'egister. 

PSEUDO WRITE TRANSFER CYCLE 

A pseudo write transfer cycle must be performed before loading data into the serial register 
after a read transfer operation has been executed. The only purpose of a pseudo write transfer is 
to change the SAM port mode from output mode to input mode (A data transfer from SAM to RAM 
does not occur). After the serial register is loaded with new data, a write transfer cycle must be 
performed to transfer the data from SAM to RAM. A pseudo write transfer is invoked by holding 
CAS “high”, DT/OE “low", WB/WE “low” and §E “high” at the falling edge of RAS. The timing 
conditions are the same as the one for the write transfer cycle except for the state of SE at the 
falling edge of RAS. 
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REGISTER OPERATION SEQUENCE (EXAMPLE) 

J'igure 10 illustrates an example of register operation sequence after device power-up and 
initialization. After power-up, a minimum of 8 RAS and 8 SC clock cycles must be performed to 
properly initialize the device. A read transfer is then performed and the column address latched 
at the falling edge of (lAS sets the SAM tap pointer location which up to that point was in an 
undefined location. Subsequently, the pointer address is incremented by cycling the serial clock 
SC from the starting location to the last location in the register (address 255) and wraps around to 
the least significant address location. The SAM address is incremented as long as SC is clocked. 


Vcc 


Pause Dummy 
(200)15) Cycle 


Read 

Transfer 


Pseudo 

Write 

Transfer 



Figure 10. Example of SAM Register Operation Sequence 
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The next operation is a pseudo write transfer which switches the SAM port from output mode 
to input mode in preparation for write transfers. The column address latched at the falling edge 
of CAS during the pseudo write transfer sets the seidal register tap location. Serial data will be 
written into the SAM starting from this location. 

TRANSFER OPERATION WITHOUT gA l? 

During all transfer cycles, the CAS input clock must be cycled, so that the column address are 
latched at the falling edge of CAS, to set the SAM tap location. If CAS was maintained at a 
constant “high” level during a transfer cycle, the SAM pointer location would be undefined. 
Therefore a transfer cycle with CAS held “high” is not allowed (Refer to the illustration below). 


RAS 

CAS 



t 

> 

Proper 
y Transfer 
Cycle 



\ _/ 


Address 


Row 

1 








RAS 



_/ 


^ Not 

c:as 










Allowed 

Address 

mw///Mf 

■ Row W//////////////////^^^^ 



READ TR.\NSFER CYCLE AFfER REAP TRANSFER CYCLE 


Another read transfer may be performed following the read transfer provided that a minimum 
delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown 
below). 


lAS 

DT/6e 


A_ r 


A_ r 


sc 


in_j~Lri_jn_jn_jn_n, 


Transfer Operation 


|30nsl 


Next Transfer 
Not Allowed 


Next Transfer Operation is allowed. 
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POWER-UP 

Power must be applied to the RAS and DT/OE input signals to pull them “high” before or at 
the same time as the Vcc supply is turned on. After power-up, a pause of 200 pseconds minimum 
is required with RAS and DT/OE held “high”. After the pause, a minimum of 8 RAS and 8 SC 
dummy cycles must be performed to stabilize the internal circuitry, before valid rekd, write or 
transfer operations can begin. During the initialization pei'iod, the DT/OE signal must be held 
“high”. If the internal refresh counter is used, a minimum 8 CAS-before-RAS initialization cycles 
are required instead of 8 RAS cycles. 

INITIAL STATE AFTER POWER-UP 

When power is achieved with RAS, CAS, DT/OE and WB/WE held “high”, the internal state 
of the TC528126BJ/BZ is automatically set as follow's. 

However, the initial state can not be guaranteed for various power-up conditions and input 
signal levels. Therefore, it is recommended that the initial state be set after the initialization of 
the device is performed (200 pseconds pause followed by a minimum of 8 RAS cycles and 8 SC 
cycles) and before valid operations begin. 



State after power-up 

SAM port 

Input Mode 

WM1 Register 

Write Enable 

TAP pointer 

Invalid 
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131,072WORD5x8BITS MULTIPORT DRAM 
DESCRIPTION 


PRELIMINARY 


The TC528 12vSBJ/BZ is a CMOS mii](.ipor(. memory equipped with a 131,()72-words by 8-bits dynamic random 
access memory (RAM) port and a 25G-words by S-bijs static serial access memory (SAM) port. The 
'J'C528128BJ/BZ supports three types of operations: random access to and from the RAM port, high speed 
serial access to and from the SAM port and bidirectional transfer of data between any selected row in the 
RAM port and the SAM port. The RAM port and the SAM port can be accessed independently except when 
data is being transferred between them internally. In addition to the conventional multiport video RAM 
operating inodes, the TC528128BJ/BZ features the block write and flash write functions on the RAM port and a 
split register data transfer capability on the SAM port. The TC528128BJ/BZ is fabricated using Toshiba’s 
CMOS silicon gate process as well as advanced circuit designs to provide low power dissipation and wide 
operating margins. 

FEATURES 


• Organization 

RAM Port : 131,072wordsX8bits 
SAM Port : 256wordsX8bits 

• RAM Port 

Fa^t Page Mode . Read - Modify - Write 
CA§ before RAS Refresh, Hidden Refresh 
RAS only Refresh, Write per Bit 
Flash Write , Block Write 
512 refresh cycles/8ms 

• SAM Port 

High Speed Serial Read/Write Capability 
256 Tap Locations 
Fully Static Register 

• RAM - SAM Bidirectional Transfer 
Read/Write/Pseudo Write Transfer 
Real Time Read Transfer 
Split Read/Write Transfer 

• Package 

TC528128BJ : SOJ40-P-400 
TC528128BZ ; ZIP40-P-475 

PIN NAME PIN CONNECTION 

TC528128BJ TC528128BZ 

SC 

5101 

5102 

5103 
_ 5'04 
DT/'OE 

Wl/101 
\A/2/l02 
W3/I03 
W4/I04 
Vcci 
WB/Wl 
NC 

m 

NC 
AS 
A6 
AS 
A4 
Vcc2 



Vssi 

SI08 

SI07 

SI06 

P S105 
SE 

P VU8/I08 
W7/107 
W6/I06 
W5/I05 
VSS2 


WI05 

WI07 

TS d 

SI06 
SI 08 
SC d 
SI02 d 
SI04 
WI01 
WI03 d 
WI04 

m/m 

A8 d 
VSS3 d 
AS 
NC 
A7 
A2 
AO 

m 


] WI08 
] SI05 
] SI07 
3 Vssi 
] SI01 
3 S103 
] ST/^E 
] WI02 
3 Vss 2 
3 Vddi 

3 Sa? 

3 A6 
3 NC 
3 A4 
3 Vdo2 
3 A3 
] A1 
3 QSF 
3 DSF 


A0~A8 

Address inputs 

RAS 

Row Address Strobe 

CAS 

Colunin Address Strobe 

0T/?)l 

Data Transfer/Output Enable 

WB / WE 

Write per Bit/Write Enable 

DSF 

Special Function Control 

W1/I01~W8/I08 

Write Mask/Data IN, OUT 

SC 

Serial Clock 

se 

Serial Enable 

SI01-SI08 

Serial Input/Output 

QSF' 

Special Flag Output 

Vcc/Vss 

Power (SV)/Ground 

NC. 

No Connection 


ITEM 

TC528)2!BJ/B2 

-80 

-10 

tcjAC RAS Access Time (Max.) 

80ns 

100ns 

^CAC CAS Access Time (Max.) 

25ns 

25ns 

t/.A Column Address Access Time (Max.) 

45ns 

50ns 

ip.c Cycle Time (Min.) 

150ns 

180ns 

tpc Page Mode Cycle Time (Min.) 

50ns 

55ns 

tscA Serial Access Time (Max.) 

25ns 

25ns 

tjcc Serial Cycle time (Min.) 

30ns 

30ns 

Icci RAM Operating Current 
(SAM: Standby) 

9'OmA 

7SmA 

lcc 2 A SAM Operating Current 
(RAM : Standby) 

SOmA 

SOmA 

lrf :2 Standby Current 

10mA 

10mA 


• Single power supply of 5V±10% with a built-in 
Vbb generator 

• All inputs and outputs : TTL Compatible 
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BLOCK DIAGRAM 


S101~SI08 



COLUMN ADDRESS 


ROW ADDRESS 

/I_ 

REFRESH 

BUFf ER (Sbits) 


BUFFER Obits) 

N 

COUNTER 






% 


Vcc Vss 


mTTTTn 

A0~A8 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

NOTE 

V|N, VouT 

Input Output Voltage 

- 1.0~7.0 

V 

1 

'Ac 

Power Supply Voltage 

- 1.0-7.0 


1 

loPR 

Operating Temperature 

0-70 

°C 

1 

Tstg 

Storage Temperature 

-55-150 

“C 

1 

TsOlDER 

Soldering Temperature • Time 

260-10 

°C-sec 

1 

Po 

Power Dissipation 

1 

W 

• 1 

louT 

Short Circuit Output Current 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS {Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

mm 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

n 


CAPACITANCE (Vcc = 5V, f=1MHz, Ta = 25°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C| 

Input Capacitance 

- 

7 

pF 

C|0 

Input/Output Capacitance 

- 

9 

Co 

Output Capacitance (QSF) 

- 

9 


Note : This parameter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70“C) 


ITEM (RAM PORT) 


OPERATING CURRENT 

/ RAS, CAS Cycling ^ 
'"t-RC-tnc rnin. 


STANDBY CURRENT 

('RAS', TAS = V|h) 


HAS ONLY REFRESH CURRENT 

/■RAS Cycling, CA5 = Vih \ 
MFic = tRc min. / 


PAGE MODE CURRENT 

^’r7(S = V|l, Cycling 'l 
^tpc = tpc min. 


CAS' BEFORE RAS REFRESH CURRENT 

/RAS Cycling, CAS Before 'RAS 
\tRc = tRc min. 


data TRANSFER CURRENT 
f RAS, CM, Cycling 
^tRC = tRcmin. 7 


FLASH 'A'RITE CURRENT 

/ ■r'^, C'aS Cycling ^ 
'^tRc = tRc min. 


BLOCK WRITE CURRENT 

Y^S', cars Cycling N 
^tRc = tRcmin. 7 


SAM PORT SYMBOL 


Standby Icci 


Active Icci A 


Standby lcc 2 • 


Active lcc2A 


Standby Icc 3 


Active lcC3A 


Standby Icc4 


Active lcC4A 


Standby Ices 


Active IccsA 


Standby 


Active lcC6A 


Standby Ice? 


Active lcc 7 A 


Standby Ices 


Active IccsA 


TC528128BJ/B2-80 TC528128BJ/BZ-10 


MIN. MAX. MIN. MAX. 


ITEM 

SYMBOL 

INPUT LEAKAGE CURRENT 

OVS V|nS 6.5V, All other pins not under test=:OV 

'l(L) 

OUTPUT LEAKAGE CURRENT 

OVSVqutSS.SV, Output Disable 

'O(L) 

OUTPUT "H" LEVEL VOLTAGE 
louT= -2mA 

VoH 

OUTPUT "L" LEVEL VOLTAGE 

Iqut = 2mA 

Vql 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 

(Vcc = 5V ± 10%, Ta = 0~70°C) (Notes: 5, 6, 7) 


SYMBOL 

PARAMETER 

tRC 

Riindom Read or Write Cycle Time 

tRMW 

Read - Modify-Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify-Write Cycle 

Time 

tRAC 

Access Time from RAS 

Ua 

Access Time from Column Address 

^CAC 

Access Time from CAS 

tCPA 

Access Time from CAS Precharge 

Lqff 

Output Buffer Turn-Off Delay 

tj 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

tRAS 

RAS Pulse Width 

tRASP 

Rf 3 Pulse Width (Fast Page Mode Only) 

Ash 

rM Hold Time 

Ash 

CAS Hold Time 

Aas 

Pulse Width 

Acd 

RM to CAS Delay Time 

Aad 

WM to Column Address Delay Time 

^RAL 

Column Address to RAS Lead Time 

Arp 

C/^ to RAS Precharge Time 

tCPN 

CAS Precharge Time 

^CP 

CAS Precharge Time (Fast Page Mode) 

tASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

Asc 

Colurnn Address Set-Up Time 

Aah 

Column Address Hold Time 

tAR 

Colurnn Address Hold Time referenced to RAS 

tRCS 

Read Command Set-Up Time 

■tRCH 

Read Command Hold Time 

Arh 

Read Command Hold Time referenced to RAS 

twCH 

Write Command Hold Time 

tvVCR 

Write Command Hold Time referenced to RM 

twp 

Write Command Pulse Width 

Awl 

Write Command to RAS Lead Time 

tCWL 

Write Command to CAS Lead Time 


TC528128BJ/BZ-80 

TC528128BJ/BZ-10 | 

1 MIN. 

MAX. 

MIN. 

MAX. 1 
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SYMBOL 

PARAMETER 

tos 

Data Set-Up Time 

tOH 

Data Hold Time 

tOHR 

Data Hold Time referenced to RAS 

twc$ 

Write Command Set-Up Time 

tRWD 

RAS to WE Delay Time 

t-AWD 

Column Address to Wl Delay Time 

tcwo 

CAS to WE Delay Time 

tozc 

Data to CA5 Delay Time 

tozo 

Data to OE Delay Time 

tOEA 

Access Time from GE 

tOEZ 

Output Buffer Turn-off Delay from OE 

tOED 

CE to Data Delay Time 

tOEH 

OE Command Hold Time 

tpOH 

RA? Hold Time referenced to Of 

tcSR 

CAS Set - Up Time for CAS Before RAS Cycle 

tCHR 

CAS Hold Time for CAS Before RAS Cycle 

tRPC 

RAS Precharge to CAS Active Time 

^REf 

Refresh Period 

twSR 

WS Set-Up Time 

Irwh 

WB Hold Time 

tPSR 

DSF Set-UP Time referenced to RAS 

tRFH 

DSF Hold Time referenced to RAS (1) 

tfHR 

DSF Hold Time referenced to RAS (2) 

tpsc 

DSF Set-Up Time referenced to ?AS 

tCFH 

DSF Hold Time referenced to CA§ 

tpAS 

Write-Per-Bit Mask Data Set-Up Time 

tWH 

Write-Per-Bit Mask Data Hold Time 

^THS 

DT High'Set-Up Time 

'■THH 

07 High Hold Time 

^tls 

DT Low Set-Up Time 

tlLH 

DT Low Hold Time 

tRTH 

BT Low Hold Time referenced to RAS 

(Real Time Read Transfer) 

Vth , 

DT Low Hold Time referenced to Column 

Address (Real Time Read Transfer) 

ICTH 

dT Low Hold Time referenced to 5\S 

(Real Time Read Transfer) 
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SYMGOl 

PARAMETER 

tfiSR 

SE Set-Up Time referenced to RAS 

tREH 

Sl Hold Time referenced to RAS 

tlRP 

DT to RAS Precharge Time 

tip 

DT Precharge Time 

tpSD 

IPi"? to First SC Delay Time (Read Transfer) 

tASD 

Column Address to First SC Delay Time 

(Read Transfer) 

^CSO 

CaS to First SC Delay Time (Read Transfer) 

tTSL 

Last SC to DT Lead Time 

(Real Time Read Transfer) 

^TSO 

OT to first SC Delay Time (Read Transfer) 

tSRS 

Last SC to RAS Set-Up Time (Serial Input) 

tSRD 

RAS to First SC Delay Time (Serial Input) 

tSDO 

RAS to Serial Input Delay Time 

^5D2 

Serial Output Buffer Turn-off Delay from RAS 

(Pseudo Write Transfer) 

tscc 

SC Cycle Time 

tsc 

SC Pulse Width (SC High Time) 

^SCR 

SC Precharge Time (SC Low Time) 

tsCA 

Access Time from SC 

tSOH 

Serial Output Hold Time from SC 

^SDS 

Serial Input Set-Up Time 

tSDH 

Serial Input Hold Time 

tSEA 

Access Time from 5E 

tSE 

ST Pulse Width 

tSEP 

SE Precharge Time 

tSEZ 

Serial Output Buffer Turn-off Delay from SE 

tSZE 

Serial Input to 5? Delay Time 

Uzs 

Serial Input to First SC Delay Time 

'sws 

Serial Write Enable Set-Up Time 

tSWH 

Serial Write Enable Hold Time 

tswis 

Serial Write Disable Set-Up Time 

tswiH 

Serial Write Disable Hold Time 

tsTS 

Split Transfer Set-Up Time 

tSTH 

Split Transfer Hold Time 

tSQD 

SC-QSF Delay Time 

t-TQO 

DT- QSF Delay Time 

kOD 

CAS-QSF Delay Time 

tRQD 

RAS-QSF Delay Time 


TC528128BJ/BZ-80 TCS28128BJ/BZ-10 


UNIT NOTE 
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NOTES : 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. 

2. All voltage are referenced to Vss- 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by any 8 RAS cycles (DT/OE 
“high") and any 8 SC cycles before proper device operation is achieved. In case of using 
internal refresh counter, a minimum of 8 CA§ before RAS initialization cycles instead of 8 
RAS cycles are required. 

6. AC measurements assume tT = 5ns. 

7. ViiKi-nin.) and ViL(niax.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vig. 

8. RAM port outputs are measured with a load equivalent to 1 ITL load and lOOpF. 

Dqut reference levels : Voii/VoL = 2.0V/0.8V. 

9. SAM port outputs are measured with a load equivalent to 1 TTL load and 30pF. 

Dqut reference levels ; Voi-i/VoL=2.0V/0.8V. 

10. toFF(max.)i tOEZ(max.) . tSDZ(max.) and tSEZOnax.) define the time at which the outputs 
achieve the open circuit condition and are not referenced to output voltage levels. 

11. Either tRCU or tRun must be satisfied for a read cycles. 

12. These parameters are referenced to CAS leading edge of early write cycles and to WB/WE 
leading edge in DE-controlled write cycle and rcad-modify-write cycles. 

13. twes. tRWD. tewD and tAWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If tweS— twcsimin.). the cycle is an 
early write cycles and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; If tRWD^tRWD(min.), tcwD^tcwDtmin.) and tAWD= tAWD (min.) 
the cycle is a read-modify-write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is Specified as a reference point only : If tRCD is greater than the specified 
tRCD (max.) limit, then access time is controlled by tcAC- 

16. Operation within the tRAD(max.) limit insures that tRAC (max.) can be met. ^ tRADCmax.) is 
specified as a reference point only; If Irad is greater than the specified tRAD(max.) limit, 
then access time is controlled by tAA* 
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TIMING WAVEFORM 
READ CYCLE 


I. 
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WM1 data: 0: Write Disable 
1 ; Write Enable 
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Tr^COQ-lOQD I/D'7 Qf\ Tr^COQH OOD l/DT -in 
I WwTl&W I I Vj'vr^^ci I I V/ 


READ-MODIFY-WRITE CYCLE 


^RMW 
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FAST PA CiE MODE READ C YCLE 


tRASP 
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FAST PAGE MODE RE AD - MODIFY - WRITE CYCLE 
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BLOCK WRITE CYCLE 
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PAGE MODE BLOCK WRITE CYCLE 


RAS 

m 

A0~A8 

DT/OE 

WB/WE 

DSF 

W1 /I01 
~W8/I08 




*1 Wb/WE 

*2 W1 /I01~W8/I08 

CYCLE 

0 

WMl Data 

Masked Block Write 

1 

Don't Care 

Block Write (Non Mask) 


WM1 data: 0: Write Disable 
1 : Write Enable 


*3) COLUMN SELECT 


W1/I01 

W2/I02 

W3/I03 

W4/I04 


Column 0(Aic = 0, Aqc = 0) 
Column 1 (Aic = 0, Aqc = 1) 
Column 2(Aic = 1, Aqc = 0) 
Column 3(Aic = 1, Aqc = 1) 


} Wn/IOn 

= 0 : Disable 
= 1 ; Enable 
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SPLIT READ TRANSFER CYCLE 
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PSEUDO WRITE TRANSFER CYCLE 
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WRITE TRANSFER CYCLE 



C-66 











TC528128BJ/BZ-80, TC528128BJ/BZ-10 


SPLIT WRITE TRANSFER CYCLE 
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SERIAL READ CYCLE (M Controlled Outputs) 
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PIN FUNCTION 

ADDRESS INPUTS : An ~ As 

The 17 address bits required to decode 8 bits of the 1,048,576 cell locations within the dynamic 
RAM memory array of the TC528128BJ/BZ are multiplexed onto 9 address input pins (Ao~A8). 
Nine row address bits are latched on the falling edge of the row address strobe (RAS) and the 
following eight column address bits are latched on the falling edge of the column address strobe 

(CAS). 

ROW ADDRESS STROBE : MS 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the 
control input that latches the row address bits and the states of CAS, DT/OE, WB/WE, SE and 
DSF to invoke the various random access and data transfer operating modes shown in Table 2. 

RAS has minimum and maximum pulse widths and a minimum precharge requirement which must 
be maintained for proper device operation and data integrity. The RAM port is placed in standby 
mode when the RAS control is held “high”. 

COLUMN ADDRESS STROBE : CAS 

CAS is the control input that latches the column address bits and the state of the special 
function input DSF to select, in conjunction with the RAS control, either read/write operations or 
the special block write feature on the RAM port when the DSF input is held “low” at the falling 
edge of RAS. Refer to the operation truth table shown in Table 1. CAS has minimum and 
maximum pulse widths and a minimum precharge requirement which must be maintained for 
proper device operation and data integrity. CAS also acts as an output enable for the output 
buffers on the RAM port. 

DATA TRANSFER/OUTPUT ENABLE : DT/OE 

The DT/UE input is a multifunction pin. When DT/OE is “high” at the falling edge of RAS, 
RAM port operations are performed and DT/OE is used as an output enable control. When the 
DT / OE is “low” at the falling edge of RAS, a data transfer operation is started between the RAM 
port and the SAM port. 
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WRITE PER BIT/WRITE ENABLE : WB/WE 

The WB/WE input is also a multifunction pin. When WB/WE is “high” at the falling edge of 
RAS, during RAM port operations, it is used to write data into the memory array in the same 
manner as a standard DRAM. When WB/WE is “low” at the falling edge of RAS, during RAM 
port operations, the write-per-bit function is enabled. The WB/WE input also determines the 
direction of data transfer between the RAM array and the serial register (SAM). 

When WB/WE is “high” at the falling edge of RAS-, the data is transferred from RAM to SAM 
(read transfer). When WB/WE is “low” at the falling edge of RAS, the data is transferred from 
SAM to RAM (masked-write transfer). 

WRITE MASK DATA/DATA INPUT AND OUTPUT : Wi /IOi~W«/IO« 

When the write-per-bit function is enabled, the mask data on the Wi/IOi pins is latched into 
the write mask register (WMl) at the falling edge of RAS. Data is written into the DRAM on 
data lines where the write-mask data is a logic “1”. Writing is inhibited on data lines where the 
write-mask data is a logic “0”. The write-mask data is valid for only one cycle. Data is written 
into the RAM port during a write or read-modify-write cycle. The input data is latched at the 
falling edge of either CaS or WB/WE, whichever occurs late. During an early-write cycle, the 
outputs are in the high-impedance state. Data is read out of the RAM port during a read or 
read-modify-write cycle. The output data becomes valid on the Wi/IOj pins after the specified 
access times from RAS, UaS, DT/OE and column address are satisfied and will remain valid as 
long as UaE and DT/CE are kept “low”. The outputs will return to the high-impedance state at 
the rising edge of either tlAS or DT/UE, whichever occurs first. 

SERIAL CLOCK : 50 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in 
or out of the SAM registers at the rising edge of SC. In a serial read, the output data becomes 
valid on the SIO pins after the maximum specified serial access time tsCA from the rising edge of 
SC. The serial clock SC also increments the 8-bits serial pointer (7-bits in split register mode) 
which is used to select the SAM address. The pointer address is incremented in a wrap-around 
mode to select sequential locations after the starting location which is determined by the column 
address in the read transfer cycle. When the pointer reaches the most significant address location 
(decimal 255), the next SC clock will place it at the least significant address location (decimal 0). 
The, serial clock SC must be held at a constant Vm or Vil level during read/pseudo write/write 
transfer operations and should not be clocked while the SAM port is in the standby mode to 
prevent the SAM pointer from being incremented. 
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SERIAL ENABLE : SE 

The SE input is \ised to cnuble sci'ial access operation. In a serial read cycle, SE is used as 
an output control. Iir a serial write cycle, SE is used as a write enable control. When SE is 
“high”, serial access is disabled, however, the serial address pointer location is still incremented 
when SC is clocked even when SE is “high”. 

SPECIAL FUNCTION CONTROL INPUT : DSF 

The DSF input is latched at the falling edge of RAS and CAS and allows for the selection of 
various random port and data transfer operating modes^ In addition to the conventional multiport 
DRAM, the special features consisting of flash write, block write, load color register and split 
read / write transfer can be invoked. 

SPECIAL FUNCTION OUTPUT : QSF 

QSF is an output signal which, during split register mode, indicates which half of the split 
SAM is being accessed. QSF “low” indicates that the lower split SAM (Bit 0~127) is being 
accessed and QSF “high” indicates that the upper split SAM (Bit 128^255) is being accessed. QSF 
is monitored so that after it toggles and after allowing for a delay of tsTS. split read/write transfer 
operation can be performed on the non-active split SAM. 

SERIAL INPUT/OUTPUT : SIOT-SIOS 

Serial input and serial output share common I/O pins. Serial input or output mode is 
determined by the most recent read, write or pseudo write transfer cycle. When a read transfer 
cycle is performed, the SAM port is in the output mode. When a write or pseudo write transfer 
cycle is performed, the SAM port is switched from output mode to input mode. During subsequent 
write transfer cycle, the SAM remains in the input mode. 
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OPERATION MOD E 

Tiic liAM port find data transfer operating of the TC528128J3J/BZ are determined by the state 
of CAS, DT/OE, WB/’vVE, SE and DSF at the falling edge of IvAS and by the state of DSF at the 
falling edge of CAS. The Table 1 and the Table 2 show the operation truth table and the 
functional truth table for a listing of all available RAM port and transfer operation, respectively. 


_ Table 1. Operation Truth Table 
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0 
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Table 2. Functional Truth Table 


Function 
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cAfL 

Address 

W/IO 

Write 

Mask 

Register 
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DT/OE 

WB/WE 

DSF 

SE 
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OSF 

rm1_ 

casIl 
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WMl 
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0 

B 

D 

0 
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TAP 
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- 

Pseudo Write Transfer 

H 

0 
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0 

1 
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* 

B 
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- 
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0 

0 
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* 
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- 

* 
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- 
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TAP 
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* 

• 
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1 
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TAP 

* 

‘ 

‘ 

- 

- 

B 

Write per Bit 

B 

1 

0 

0 

* 

0 
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- 
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B 
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1 

0 

0 

‘ 
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- 

- 

- 

Block Write 

g 

B 

B 

B 

B 

n 

Row 

Column 

A2C-7C 

* 

Column 

Select 

- 

- 

- 

use 
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B 
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• 

* 

- 
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- 

- 
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* ; “0” or “1” , TAP ; SAM start address , — : not used 


If the special function control input (DSF) is in the “low" state at the falling edges of RA§ and 
CAS, only the conventional multiport DRAM operating features can be invoked : CA§-before-RAS 
refresh, write transfer, pseudo-write transfer, read transfer and read write modes. If the DSF input is 
"high” at the falling edge of RAS, special features such as split write transfer, split read transfer, flash 
write and load color register can be invoked. If the DSF input is “low” at the falling edge of RAS 
and “high” at the falling edge of "CAS, the block write special feature can be invoked. 
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RAM PORT OPERATION 

FAST PAGE MODE CYCLE 

Fast page mode allows data to be transferred into or out of multiple column locations of the 
same row by performing multiple CAS cycle during a single active RAS cycle. During a fast page 
cycle, the RAS signal may be maintained active for a period up to 100 pseconds. For the initial 
fast page mode access, the output data is valid after the specified access times from RAS, CAS, 
column address and DT/OE. For all subsequent fast page mode read operations, the output data 
is valid after the specified access times from CAS, column address and DT/OE. When the 
write-per-bit function is enabled, the mask data latched at the falling edge of RAS is maintained 
throughout the fast page mode write or read-modify-write cycle. 

RAS-ONLY REFRESH 

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is 
accomplished by performing a memory cycle at each of the 512 rows in the DRAM array within 
the specified Sms refresh period. Although any normal memory cycle will perform the refresh 
operation, this function is most easily accomplished with “RAS-Only” cycle. 

CAS-BEFORE-R^ REFRESH 

The TC528128BJ/BZ also offers an internal-refresh function. When CAS is held “low” for a 
specified period (tcSR) before RAS goes “low”, an internal refresh address counter and on-chip 
refresh control clock generators are enabled and an internal refresh operation takes place. When 
the refresh operation is completed, the internal refresh address counter is automatically 
incremented in preparation for the next CAS-before-RAS cycle. For successive CAS-before-RAS 
refresh cycle, CAS can remain “low” while cycling RAS. 

HIDDEN REFRESH 

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS “low” from a previous 
read cycle. This allows for the output data from the previous memory cycle to remain valid while 
performing a refresh. The internal refresh address counter provides the address and the refresh is 
accomplished by cycling RAS after the specified RAS-precharge period (Refer to Figure 1). 



Figure 1. Hidden Refresh Cycle 
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LOAD COLOR REGISTER / READ COLOR REGISTER 

. The TC528128BJ/BZ is provided with an on-chip 8-bits register (color register) for use during 
the flash write or block write operation. Each bit of the color register corresponds to one of the 
DRAM I/O blocks. The load color register cycle is initiated by holding CAS, WB/WE, DT/DE 
and DSF “high” at the falling edge of RAS. The data presented on the Wi/IOi lines is 
subsequently latched into the color register at the falling edge of either CAS or WB/WE, 
whichever occurs last. The data stored in the color register can be read out by performing a read 
color register cycle. This cycle is activated by holding CAS, WB/WE, DT/OE and DSF “high” at 
the falling edge of RAS and by holding WB/WE “high” at the falling edge of CAS and throughout 
the remainder of the cycle. The data in the color register becomes valid on the Wi/IOi lines after 
the specified access times from RAS and DT/OE are satisfied. During the load/read color register 
cycle, valid Aq—As row addresses are not required, but the memory cells on the row address 
latched at the falling edge of RAS are refreshed. 

FLASH WRITE 

Flash write is a special RAM port write operation which in a single RAS cycle, allows for the 
data in the color register to be written into all the memory locations of a selected row. Each bit 
of the color register corresponds to one of the DRAM I/O blocks and the flash write operation can 
be selectively controlled on an I/O basis in the same manner as the write-per-bit operation. 

A flash write cycle is performed by holding CaS “high”, WB/WE “low” and DSF “high” at the 
falling edge of RAS. The mask data must also be provided on the Wi/IOi lines at the falling edge 
of RAS in order to enable the flash write operation for selected I/O blocks (Refer to Figure 4 and 5). 

Flash write is most effective for fast plane clear operations in frame buffer applications. 

Selected planes can be cleared by performing 512 flash write cycle and by specifying a different 
row address location during each flash write cycle (Refer to Figure 6). Assuming a cycle time of 
180ns, a plane clear operation can be completed in less than 92.2 pseconds. 



WMl H: Write 

L: Write Inhibit 

Figure 4. Flash Write Timing 
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Figure 5. Flash Write 



Figure 6. Plane clear application example 

BLOCK WRITE 

Block write is also a special RAM port write operation which, in a single RAS cycle, allows for 
the data in the color register to be written into 4 consecutive column address locations starting 
from a selected column address in a selected row. The block write operation can be selectively 
controlled on an I/O basis and a column mask capability is also available. 

A block write cycle is performed by holding CAS, DT/OE “high” and DSF “low” at the falling 
edge of RAS and by holding DSF “high” at the falling edge of CAS. The state of the WB/WE 
input at the falling edge of RAS determines whether or not the I/O data mask is enabled (WB/WE 
must be “low ” to enable the I/O data mask or “high” to disable it). At the falling edge of RAS, 
a valid row address and I/O mask data are also specified. At the falling edge of CAS, the starting 
column address location and column mask data must be provided. During a block write cycle, the 
2 least significant column address locations (AOC and AlC) are internally controlled and only the 
six most significant column addresses (A2C~A7C) are latched at the falling edge of CAS. 

(Refer.to Figure 7). 

An example of the block write function is shown in Figure 8 with a data mask on Wi/IOi, 
W 4 /IO 4 , We/IOe, W 7 /IO 7 and column 2. Block write is most effective for window clear and fill 
operation in frame buffer applications, as shown in the examples in Figure 9. 
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Figure 9. Examples of Block Write Application 

FAST PAGE MODE BLOCK WRITE CYCLE 

Fast page mode block write can be used to perform high speed clear and fill operations. 

The cycle is initiated by holding the DSF signal “low” at the falling edge of RAS and a fast page 
mode block write is performed during each subsequent CAS cycle with DSF held “high” at the 
falling edge of CAS. 

If the DSF signal is “low” at the falling edge of CAS, a normal fast page mode read / write 
operation will occur. Therefore a combination of block write and read / write operations can be 
performed during a fast page mode block write cycle. Refer to the example shown in Figure 10. 



Block Write Cycle Read/Write Cycle Block Write Cycle 


Figure 10. Fast Page Mode Block Write Cycle 
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SAM PORT OPERATION 

The TC528128BJ/BZ is provided with a 256 words by 8 bits serial access memory (SAM) which 
can be operated in the single register mode or the split register mode, 

SINGLE REGISTER MODE 

When operating in the single register mode, high speed serial read or write operations can be 
lliroogh the SAM j>ort independent of the RAM port operations, except during 
read / write / pecudo-write tit'insfer cycles. The preceding transfer operation determines the direction 
of data flow through the SAM port. If the preceding transfer operation is a read transfer, the 
SAM port is in the output mode. If the preceding transfer operation is a write or pseudo write 
transfer, the SAM port is in the input mode. The pseudo write transfer operation only switches 
the SAM port from output mode to input mode; Data is not transferred from SAM to RAM. 

Serial data can be read out of the SAM port after a read transfer (RAM—'SAM) has been 
pcrforn'icd. The data is shifted out of the SAM port starting at any of the 256 bits locations, 

The TAP location corresponds to the colurnn address selected at the falling edge of CAS duidng the 
read transfer cycle. The SAM registers are configured as circular data registers. The data is 
shifted out sequentially starting from the selected tap location to the most significant bit and then 
wraps around to the least significant bit, as illustrated below. 

Start address : Tap location 


ISI 

n 

n 

IHBHi 

H 

H 


Q9 




■I 

H 

■MHlH 

il 

H 



Subsequent real-time read transfer may be performed on-the-fly as many times as desired, 
within the refresh constraints of the DRAM array. Simultaneous serial read operation can be 
performed with some timing restrictions. A pseudo write transfer cycle is performed to change the 
SAM port from output mode to input mode in order to write data into the serial registers through 
tlic SAM port. A write trajisfer cycle must be used subsequently to load the SAM data into the 
R.^M row selected by the row addre.ss at the falling edge of RAS. The starting location in the 
SAM registers for the next serial write is selected by the column address at the falling edge of 
CAS. The truth lable for single register mode SAM operation is shown in Table 4. 
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Table 4. Truth Table for SAM Port Operation 


SAM PORT 

OPERATION 

DT/OE at the 

falling edge of RAS 

SC 

SE 

FUNCTION 

Preceded by a 



_n_ 

L 

Enable Serial Read 

Read Transfer 

Serial Output Mode 


H 

Disable Serial Read 



_n_ 

L 

Enable Serial Write 

Write Transfer 

Serial Input Mode 

H 

H 

Disable Serial Write 



.TL 

L 

Enable Serial Write 

Pseudo Write Transfer 

Serial Input Mode 


H 

Disable Serial Write 


SP] ,!T REGISTER MODE 

In split register mode, data can be shifted into or out of one half of the SAM while a split 
read or split write transfer is being pciTornied on the other half of the SAM. A normal (Non-split) 
read/write/pseudo write transfer operation must precede any split read/write transfer operation. 
The non-split read, write and pseudo write transfer will set the SAM port into output mode or 
input mode. The split read and write transfers will not change the SAM port mode set by 
preceding normal transfer operation. RAM port operation may be performed independently except 
during split transfers. In the split register mode, serial data can be shifted in or out of one of the 
split SAM registers starting from any at the 128 tap locations, excluding the last address of each 
split SAM, data is shifted in or out sequentially starting from the selected tap location to the most 
significant bit (127 or 25o) of the first split SAM and then the SAM pointer moves to the tap 
location selected for tire second split SAM to shift data in or out sequentially starting from this tap 
location to the most significant bit (255 or 127) and finally wraps around to the least significant 
bit, as illustrated in the example below. 


Tap location Tap location 



REFRESH 

The SAM data registers are static flip-flop, therefore a refresh is not required. 
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data transfer operation 

The TC528i28BJ/BZ features two types of internal bidirectional data transfer capability 
between RAM and the SAM, as shown in Figure H. During a normal (Non-split) transfer, 
256 words by 8 bits of data can be loaded from RAM to SAM (Read Transfei*) or from SAM to RAM 
(Write Transfer). During a split transfer, 128 words by 8 bits of data can be loaded from the 
lower/upper half of the RAM into the lower/upper half of the SAM (Split Read Transfer) or from 
the lower/upper half of the SAM into the lower/upper half of the RAM (Split Write Transfer). 
The normal transfer and split transfer modes are controlled by the DSF special function input 
signal . 



128 columns 128 columns 


0 



0 0 



Figure 11. (o) Normal (Non-split) Transfer (b) Split Transfer 


As shown in Table 5, the TC528128BJ/BZ supports five types of transfer operations: Read 
transfer. Split read transfer. Write transfer. Split write transfer and Pseudo write transfer. Data 
transfer operations between RAM and SAM are invoked by holding the DT/OE signal “low” at the 
falling edge of RAS. The type of data transfer operation is determined by the state of CAS, 
WlI/WE, SE and DSF latched at the falling edge of RAS. During normal (Non-split) data transfer 
operations, the SAM port is switched from input to output mode (Read transfer) or output to input 
mode (Write transfer/Pseudo write transfer) whereas it remains unchanged during split transfer 
operations (Split read or split write transfers). During a data transfer cycle, the row address 
Ao~A8 select one of the 512 rows of the memory array to or from which data will be transferred 
and the column address Ao~A 7 select one of the tap locations in the serial register. The selected 
tap location is the start position in the SAM port from which the first serial data will be read out 
during the subsequent serial read cycle or the start position in the SAM port into which the first 
serial data will be written during the subsequent serial write cycle. During split data transfer 
cycles, the most significant column address (A7C) is controlled internally to determine which half 
of the serial register will be reloaded from the RAM array. 
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Table 5. Transfer Modes 


at the falling edge of RAS 

Transfer Mode 

Transfer Direction 

Transfer Bit 

SAM Port Mode 
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HI 
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Read Transfer 

RAM -> SAM 

256x8 

Input —> Output 

H 
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B 

L 

L 

Write Transfer 

SAM -> RAM 

256x8 

Output —> Input 
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im 

H 

L 

Pseudo Write Transfer 

- 

- 

Output —) Input 

H 

L 

H 

B 

M 

Split Read Transfer 

RAM SAM 

128x8 

Not changed 

H 

n 

L 

B 

H 

Split Write Transfer 

SAM -» RAM 

128x8 

Not changed 


* ; “Jl" or "L" 


READ TRANSFER CYCLE 

A read transfer consists of loading a selected row of data from the RAM array into the SAM 
register. A read transfer is invoked by holding CAS “high”, DT/OE “low” WB/WE “high” and 
DSF “low” at the falling edge of RAS. The row address selected at the falling edge of RAS 
determines the RAM row to be transferred into the SAM. The transfer cycle is completed at the 
rising edge of DT/OE. When the transfer is completed, the SAM port is set into the output mode. 
In a read/real time read transfer cycle, the transfer of a new row of data is completed at the 
rising edge of DT / OE' and this data becomes valid on the SIO lines after the specified access time 
t.SCA from the rising edge of the subsequent serial clock (SC) cycle. The start address of the serial 
pointer of the SAM is determined by the column address selected at the falling edge of CAS. 

Figure 12 shows the operation block diagram for read transfer operation. 


SAM Start Address 


ON 


Q siOi~8 



C=> 

Serial Read 


Selected Row 


Figure 12. Block Diagram for Read Transfer Operation 


In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be 
held at a constant Vil or Vm, after the SC high time has been satisfied. A rising edge of the SC 
clock must not occur until after the specified delay txSD from the rising edge of DT/OE, as shown 
in Figure 13. 


C-83 










































-r^e-rt04 I c%n 

I 09^0 I ^OD«J/D^-OU, 


rioo l/B“T -4 r\ 
I I ^OCJU/D^- I U 


KM 

CM 

AO~AO 

WB/WE 

DT/Ol 

DSF 

SC 

SIO 


___j-i_/ “ 

/ -\ _ / 



Figure 13. Read Transfer Timing 


In a real time read transfer cycle (which is preceded by another read transfer cycle), the 
previous row data appears on the SIO lines until the DT / OE signal goes “high” and the serial 
access time tsCA for the following serial clock is satisfied. This feature allows for the first bit of 
the new row of data to appear on the serial output as soon as the last bit of the previous row has 
been strobed without any timing loss. To make this continuous data flow possible, the rising edge 
of DT/UE must be synchronized with RAS, UAS and the subsequent rising edge of SC (tin’ll, tcTII, 
and t'rSL/tTSD must be satisfied), as shown in Figure 14. 

The timing restriction tTSp/tTSD are 5ns min/15ns min. The split read transfer mode eliminates 
these timing restrictions. 



Previous Row Data ——New Row Data 


Figure 14. Real Time Read Transfer 
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WRITE TRANSFER CYCLE 

A write transfer cycle consist of loading the content of the SAM register into a selected row of 
the RAM array. If the SAM data to be transferred must first be loaded through the SAM port, a 
pseudo write transfer operation must precede the widte transfer cycles. However, if the SAM port 
data to be transferred into the RAM was previously loaded into the SAM via a read transfer, the 
SAM to RAM transfer can be executed simply by performing a write transfer directly. A write 
transfer is invoked by holding CAS “high", DT/OE “low”, WB/WE “low”, SE “low” and DSF “low” 
at the falling edge of RAS. This write transfer is selectively controlled per RAM I/O block by 
setting the mask data on the Wi/IOi lines at the falling edge of RAS (same as in the write-per-bit 
operation). Figure 15 and 16 show the timing diagram and block diagram for write transfer 
operations, respectively. 



Mask Data ^ 0 : Not Transferred 
i 1 : Transferred 


Figure 15. Write Transfer Timing 

The row address selected at the falling edge of RAS deterntines the RAM row address into 
which the data will be transferred. The column address selected at the falling edge of CAS 
determines the start address of the serial pointer of the SAM. After the write transfer is 
completed, the SIO lines are set in the input mode so that serial data synchronized with the SC 
clock can be loaded. 
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Mask 

Data 



Transfer operation 
is inhibited. 


Transfer operation 
is inhibited. 


Figure 16. Block Diagram for Write Transfer Operation 


When consecutive write transfer operations are performed, new data must not be written into 
the serial register until the RAS cycle of the preceding write transfer is completed. Consequently, 
the SC clock must be held at a constant Vig or Vni during the RAS cycle. A rising edge of the 
SC clock is only allowed after the specified delay tSRD from the rising edge of RAS, at which time 
a new row of data can be written in the serial register. 


PSEUDO WRITE TRANSFER CYCLE 

A pseudo write transfer cycle must be performed before loading data into the serial register 
after a read transfer operation has been executed. The only purpose of a pseudo write transfer is 
to change the SAM port mode from output mode to input mode (A data transfer from SAM to RAM 
does not occur). After the serial register is loaded with new data, a write transfer cycle must be 
performed to transfer the data from SAM to RAM. A pseudo write transfer is invoked by holding 
CAE “high”, DT/CE “low”, WB/WE “low”, §E “high” and DSF “low” at the falling edge of RAE. 
The timing conditions are the same as the one for the write transfer cycle except for the state of 
SE at the falling edge of RAS. 
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SPLIT DATA TRANSFER AND QSF 

The TC528128BJ/BZ features a bi-directional split data transfer capability between the RAM 
and the SAM. During split data transfer operation, the serial register is split into two halves 
which can be controlled independently. Split read or split write transfer operations can be 
performed to or from one half of the serial register while serial data can be shifted into or out of 
the other half of the serial register, as shown in Figure 17. The most significant column address 
location (A7C) is controlled internally to determines which half of the serial register will be 
reloaded from the RAM array. QSF is an output in which indicates which half of the serial 
register is in an active state. QSF changes state when the last SC clock is applied to active split 
SAM, as shown in Figure 18. 


128 columns 128 columns 



Active Non-Active 

Figure 17. Split Register Mode 



lower SAM : Active upper SAM : Active lower SAM : Active 


Figure 18. QSF Output State During Split Register Mode 
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SPLIT READ TRANSFER CYCLE 

A split read transfer consists of loading 127 words by 8 bits of data from a selected row of the 
split RAM array into the corresponding non-active split SAM register. 

Serial data can be shifted out of the other half of the split SAM register simultaneously. The 
block diagram and timing diagram for split read transfer mode are shown in Figure 19 and 20, 
respectively. During split read transfer operation, the RAM port input clocks do not have to be 
synchronized with the serial clock SC, thus eliminating timing restrictions as in the case of 
on-the-fly read transfers. A split read transfer can be performed after a delay of tsTS> from the 
change of state of the QSF output, is satisfied. 


128x8 


SIO 

Figure 19. Block Diagram for Split Read Transfer 
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A normal (Non-split) read transfer operation must precede split read transfer cycles as shown 
in the example in Figure 21. 



SPLIT WRITE TRANSFER CYCLE 

A split write transfer consists of loading 128 words by 8 bits of data from the non-active split 
SAM register into a selected row of the corresponding split RAM array. 

Serial data can be shifted into the other half of the split SAM register simultaneously. The 
block diagram and timing diagram for split write transfer mode are shown in Figure 22 and 23, 
respectively. During split write transfer operation, the RAM port input clocks do not have to be 
synchronized with the serial clock SC, thus allowing for real time transfer. A split write transfer 
can be performed after a delay of tsTS. from the change of state of the QSF output, is satisfied. 



SIO 

Figure 22. Block Diagram for Split Write Transfer 
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Figure 23. Timing Diagram for Split Write Transfer 

A pseudo write transfer operation must precede split transfer cycles as shown in the example 
in Figure 24. The purpose of the pseudo write transfer operation is to switch the SAM port from 
output mode to input mode and to set the initial tap location prior to split write transfer 
operations. 


Pseudo Write Transfer Split Write Transfer Split Write Transfer 



^ t t t t t 


Figure 24. Example of Consecutive Write Transfer Operations 
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SPLIT-REGISTER OPERATION SEQUENCE (EXAMPLE 


Split read/write transfers must be preceded by a normal (Non-split) transfer such as a read, 
write or pseudo write transfer. Figure 25 illustrates an example of split register operation 
sequence after device power-up and initialization. After power-up, a minimum of 8 RAS and 8 SC 
clock cycles must be performed to properly initialize the device. A read transfer is then performed 
and the column address latched at the falling edge of CAS sets the SAM tap pointer location which 
up to that point was in an undefined location. Subsequently, the pointer address is incremented 
by cycling the serial clock SC from the starting location to the last location in the register (address 
255) and wraps around to the tap location set by the split read transfer performed for the lower 
SAM while the upper SAM is being accessed. The SAM address is incremented as long as SC is 
clocked. The following split read transfer sets a new tap location in the upper split SAM register 
address 127 in this example and the pointer is incremented from this location by cycling the SC 
clock. 


■^Pause Dummy 
(200ps) Cycle 


Split Read 
Transfer 


Split Read 
Transfer 


Pseudo 

Write 

Transfer 



Serial Output 


Devices (1) 


Devices (2) 


Reset/Set SAM ^ 
pointer _ 

Pointer Location 
Undefined 



Figure 25. Example of Spiiit SAM Register Operation Seguence 
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The next operation is a pseudo write transfer which switches the SAM port from output mode to 
input mode in preparation for either write transfers or split write transfers. The column address 
latched at the falling edge of CAS during the pseudo write transfer sets the serial register tap 
location. Serial data will be written into the SAM starting from this location. 

TRANSFER OPERATION WITHOUT CA5 

During all transfer cycles, the CAS input clock must be cycled, so that the column address are 
latched at the falling edge of CAS, to set the SAM tap location. If CAS was maintained at a 
constant “high” level during a transfer cycle, the SAM pointer location would be undefined. 
Therefore a transfer cycle with CAS held “high” is not allowed (Refer to the illustration below). 


RAS 

CAS 



- ' 


Proper 
► Transfer 
Cycle 



\ _/ 


Address 

wwjumr 

Row 

SAM start 








RAS 



1 

1 

^ Not 

CAS 










Allowed 

Address 

W///////M^ 




TAP LOCATION SELECTION IN SPLIT TRANSFER OPERATION 

(a) In a split transfer operation, column addresses AOC through A6C must be latched at the 
falling edge of CAS in order to set the tap location in one of the split SAM registers. During 

a split transfer, column address A7C is controlled internally and therefore it is ignored 

internally at the falling edge of CAS. 

^ \ _ / 

^ \ _ ! 

Addresses »^»r^^^;n ^^ ri^ddr;ss 

t t 

A0R~A8R A0C~A6C (A7C is don't care: High or Low) 

During a split transfer, it is not allowed to set the last address location (A0C~A6C = 7F), in 
either the lower SAM or the upper SAM, as the tap location. 
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(b) In the case of multiple split transfers performed into the same split SAM register, the tap 
location specified during the last split transfer, before QSF toggles, will prevail. In the 
example shown below, multiple split transfers are performed into the upper SAM (Non-active) 
while the lower SAM (active) is being accessed at the time when QSF toggles, the, first SC 
serial clock will start shifting serial data starting from the Tap N address location. 


RAS 

CAS 



A_V 


I 

f 


Address 


QSF 


SC 


— (Row 1 )(Tap 1) - (Row 2 Xtap 2) —SS— (Row NXlap N) - 


lower SAM ; Active 
upper SAM : Non-active 


—rLTLlT_ 


y lower SAM ; Non-active 

I Last First upper SAM : Active 

' Clock Clock 



Multiple Split transfer into upper SAM 


Serial access of upper SAM 


Serial access of lower SAM 


starting at Tap N location 


SPLIT READ/WRITE TRANSFER OPERATION ALLOWABLE PERIOD 


Figure 26 illustrates the relationship between the serial clock SC and the special function 
output QSF during split read/write transfers and highlights the time periods where split transfers 
are allowed, relative to SC and QSF. 


SC 

QSF 


Split 

Read/Write 

Transfer 

allowed. 


Last First 
Clock Clock 


Last First 
Clock Clock 


Last First 
Clock Clock 



Figure 26. Split Transfer Operation Allowable Periods 

As indicated in Figure 26, a split read/write transfer is not allowed during the period of 
tSTli + tsTS- 
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SPLIT TRANSFER CYCLE AFTER NORMAL TRANSFER CYCLE 

A split transfer may be performed following a normal transfer (Read/Write/Pseudo-Write 
transfer) provided that a minimum delay of 30ns from the rising edge of the first clock SC is 
satisfied (Refer to the illustration shown below). 



NORMAL READ TRANSFER CYCLE AFTER NORMAL READ TRANSFER CYCLE 

Another read transfer may be performed following the read transfer provided that a minimum 
delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown 
below). 
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NORMAI. TRANSFER AFTER SPLIT TRANSFER 

A normal transfer (read / write / pseudo write) may be performed following split transfer 
operation provided that a 30ns minimun delay is satisfied after the QSF signal toggles. 


i 

[_ : 


3005 Min. 

^ _Normal Transfer Operation Allowed 





POWER-UP 

Power must be applied to the RAS and DT/OE input signals to pull them “high” before or at 
the same time as the Vcc supply is turned on. After power-up, a pause of 200 pseconds minimum 
is required with RAS and DT/OE held “high”. After the pause, a minimum of 8 RAS and 8 SC 
dummy cycles must be performed to stabilize the internal circuitry, before valid read, write or 
transfer operations can begin. During the initialization period, the DT/OE signal must be held 
“high”. If the internal refresh counter is used, a minimum 8 CAS-before-RAS initialization cycles 
are required instead of 8 RAS cycles. 

INITIAL STATE AFTER POWER-UP 

When power is achieved with RAS, CAS, DT/OE and WB/WE held “high”, the internal state 
of the TC528128BJ/BZ is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input 
signal levels. Therefoz'e, it is recommended that the initial state be set after the initialization of 
the device is performed (200 pseconds pause followed by a minimum of 8 RAS cycles and 8 SC 
cycles) and before valid operations begin. 



State after power-up 

SAM port 

Input Mode 

QSF 

High- Impedance 

Color Register 

all "0" 

WM1 Register 

Write Enable 

TAP pointer 

Invalid 
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262, 144W0RDSX4BITS MULTIPORT DRAM 
DESCRIPTION 


PRELIMINARY 




The TC524256BJ/BZ is a CMOS multiport memory equipped with a 262,144-words by 4-bits dynamic random 
access memory (RAM) port and a 512-words by 4-bits static serial access memory (SAM) port. The 
TC524256RJ/BZ supports three types of operations; random access to and from the RAM port, high speed 
serial access to and from the SAM port and bidirectional transfer of data between any selected row in the RAM 
port and the SAM port. The RAM port and the SAM port can be accessed independently except when data is 
being transferred between them internally. The TC524256BJ/BZ is fabricated using Tbshiba’s CMOS silicon 
gate process as well as advanced circuit designs to provide low power dissipation and wide operating margins. 


FEATURES 


ITEM 

TC524256BJ/BZ 

-80 

-10 

tRAC PAS Access Time (Max.) 

80ns 

100ns 

tcAC CAS Access Time (Max.) 

25ns 

2Sns 

tAA Column Address Access Time (Max.) 

45ns 

50ns 

tRc Cycle Time (Min.) 

150ns 

180ns 

tpc Page Mode Cycle Time (Min.) 

50ns 

5 5ns 

tscA Serial Access Time (Max.) 

25ns 

25ns 

tscr Serial Cycle time (Min.) 

30ns 

30ns 

Icci PAM Operating Current 
(SAM : Standby) 

85mA 

70mA 

lcC 2 A SAM Operating Current 
(RAM ; Standby) 

50mA 

50mA 

Icc 2 Standby Current 

10mA 

10mA 


262,144wordsX4bits 

512wordsX4bits 


• Single power supply of 5V± 10% with a built-. 
Vbu generator 

• All inputs and outputs : TTL Compatible 
PIN NAME 


CO 

< 

o 

< 

Address inputs 

ra5 

Row Address Strobe 

CAS 

Column Address Strobe 

DT/OE 

Data Transfer/Output Enable 

WB/WE 

Write per Bit/Write Enable 

Wl/I01~vy4/I04 

Write Mask/Data IN, OUT 

SC 

Serial Clock 

SE 

Serial Enable 

■SI01~SI04 

Serial Input/Output 

Vcc/Vss 

Power (SV) / Ground 

N. C. 

No Connection 


Organization 
RAM Port 
SAM Port 
RAM Port 

Fast Page Mode. Read - Modify - Write 
CAS before RAS Refresh, Hidden Refresh 
RAS only Refresh, Write per Bit 
512 refresh cycles/8ms 
SAM Port 

High Speed Serial Read/Write Capability 
512 Tap Locations 
Fully Static Register 
RAM - SAM Bidirectional Transfer 
Read / Write / Pseudo Write Transfer 
Real Time Read Transfer 
Package 

TC624256BJ : SOJ28-P-400 
TC524256BZ : ZIP28-P-400 


PIN CONNECTION 

TC524256BJ 


SC 

[ 

1 

28 

] 

Vss 

NC [ 

SI01 

[ 

2 

27 

] 

SI04 

W4/I04 [ 

SI02 

[ 

3 

26 

] 

SI03 

SI03 [ 

Df/OE 

[ 

4 

25 

] 

?E 

Vss f 

W1/I01 

[ 

5 

24 

] 

W4/I04 

SI01 C 

W2/I02 

[ 

6 

23 

] 

W3/I03 

DT/OE C 

WB/WE 

[ 

7 

22 

1 

NC 

W2/I02 C 

NC 

C 

8 

21 

] 

CAS 

NC [ 

RAS 

c 

9 

20 

] 

NC 

A8 [ 

A8 

c 

10 

19 

] 

AO 

A5 [ 

A6 

[ 

11 

18 

] 

A1 

Vcc C 

AS 

[ 

12 

17 

] 

A2 

A3 C 

A4 

[ 

13 

16 

] 

A3 

A1 [ 

Vcc 

c 

14 

15 


A7 

NC C 


] W3/I03 
] SE' 

] SI04 
] SC 
] SI02 
] W1/I01 
] W~B/WE 
RAS 
D A6 
A4 
A7 
A2 
26 p AO 
28 P CAS 


28Pin 400mil SOJ 
JEDEC Standard 


28Pin 400mil height ZIP 
JEDEC Standard 
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BLOCK DIAGRAM 

W1/I01~W4/I04 


S101~SI04 


? ? ? ? 


OUTPUT BUFFER 


1 




INPUT BUFFER 


12 IS IS 

r 

-'-^^ -'-jn 


???■??? 


_i 

7 

TIMING GENERATOR 

SERIAL OUTPUT 
BUFFER 

SERIAL INPUT 
BUFFER 


V 


WRITE 

WRITE-PER 

CONTROL 

BIT 



E£IL 




zs 











512 











512x512x4 

CELL 

ARRAY 


1 



1 



GATE 



u q; 

Hf _ 


TR. 



1/^ 


ii 

I 

i 

1 

512 

1 111 1 

1 

ii 

ii 

ii 


1 i 

SERIAL ADDRESS 
COUNTER Obits) 


ROVy DECODER 

1 

' ' " . 



COLUMN ADDRESS 
BUFFER Obits) 






ROW ADDRESS 
BUFFER Obits) 


Trnrrm 

A0~A8 






REFRESH 

COUNTER 


1 1 

Vcc Vss 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

NOTE 

V|N/ VouT 

Input Output Voltage 

-1.0~7,0 

V 

1 

Vcc 

Power Supply Voltage 

-1.0~7.0 

V 

1 

loPR 

Operating Temperature 

0~70 

°C 

1 

tSTG 

Storage Temperature 

-55-150 

“C 

1 

IsOLDER 

Soldering Temperature • Time 

260-10 

°C-sec 

1 

Po 

Power Dissipation 

1 

w 

1 

but 

Short Circuit Output Current 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70''C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

B1 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

mm 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


CAPACITANCE (Vcc = 5V, f=1MHz, Ta = 25°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

c, 

Input Capacitance 

- 

7 

PF 

Cio 

Input/Output Capacitance 

- 

9 


Note : This parameter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70“C) 


ITEM (RAM PORT) 

SAM PORT 

SYMBOL 

TC5242S6BJ/BZ.80 

TC524256DI/BZ-10 

UNIT 

NOTE 

MIN. 

MAX. 

MIN. 

MAX. 

OPERATING CURRENT 

/rAS, CAS Cycling j 

TRC = tRC iTlin. 

Standby 

Icci 

B 

85 

B 

70 

mA 

■ 

Active 

•CCIA 

n 

125 

B 

110 

5 

STANDBY CURRENT 

(RA5, CA?=V|h) 

Standby 

ICC2 

B 

10 

B 

10 


Active 

ICC2A 

- 

50 

B 

50 

B 

^ ONLY REFRESH CURRENT 

Cycling, CA5 =V|h 

Wc = tRC min. ' 

Standby 

ICC3 


85 


70 

B 

Active 

ICC3A 

- 

125 

B 

110 

B 

PAGE MODE CURRENT 

('raS = Viu CAS Cycling "j 
'tpc = tpc min. ' 

Standby 

ICC4 

- 

75 

- 

60 

B 

Active 

•CC4A 

B 

115 

IB 

100 

B 

CAS BEFORE RAS REFRESH CURRENT 

Cycling, Ca? Before 

VtRc = tRc min. / 

Standby 

Ices 

- 

85 

- 

70 

B 

Active 

>CC5A 

- 

125 

B 

110 

B 

DATA TRANSFER CURRENT 

f CA5 Cycling \ 

'tRc = tRc min. ^ 

Standby 

'CC6 


105 

B 

90 

B 

Active 

ICC6A 

- 

145 

B 

130 

B 


ITEM 

SYMBOL 

MIN. 

MAX. 

UNIT 

NOTE 

INPUT LEAKAGE CURRENT 

0VSV|n- 6.5V, All other pins not under tests OV 

'l(L) 

-10 

10 

JlA 

■ 

OUTPUT LEAKAGE CURRENT 

0V£VouT“ 5.5V, Output Disable 

'O(L) 

-10 

10 

pA 


OUTPUT "H' LEVEL VOLTAGE 
louT= - 2mA 

VoH 

D 

- 

V 


OUTPUT "L* LEVEL VOLTAGE 

louT = 2mA 

VoL 

- 

B 

B 



0-100 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 

(Vcc = 5V ± 10%, Ta = O-yO^C) (Notes : 5, 6, 7) 







C-101 






































































































































































A t nr\ f/^errt ii i/or» ^ r\ 

L/O^M'^OODU/D^-OU, 11^9^^^0000/04.- iU 



TC524256BJ/B2-80 TC524256BJ / BZ-10 


MAX. 



Data Hold Time 

tOHR 

Data Hold Time referenced to RAS 

Uvcs 

Write Command Set-Up Time 

tRWD 

RAS to Wc Delay Time 

*AWD 

Column Address to WI Delay Time 

tCWD 

CAS to W? Delay Time 

Idzc 

Data to CAS Delay Time 

fozo 

Data to Ol Delay Time 

tOEA 

Access Time from 5£ 

fOEZ 

Output Buffer Turn-off Delay from Ol 

tOED 

UE to Data Delay Time 

fOEri 

OE Command Hold Time 

tROH 

RAS Hold Time referenced to ^ 

tCSR 

CAS Set-Up Time for C^ Before R^ Cycle 

tcliR 

CAS Hold Time for (IaS Before RAS Cycle 

tRRC 

RAS Precharge to CaS Active Time 

tREf 

Refresh Period 

ty.'SR 

W? Set-Up Time 

fRWH 

WB Hold Time 

V.IS 

Write - Per - Bit Mask Data Set-Up Time 

tVH 

Write • Per-Bit Mask Data Hold Time 

tThS 

5T High Set-Up Time 

tTHH 

5t High Hold Time 

tlLS , 

DT Low Set - Up Time 


I DT Low Hold Time referenced to RAS 
I (Real Time Read Transfer) 


Df Low Hold Time referenced to Column 
Address (Real Time Read Transfer) 


DT Low Hold Time referenced to 
(Real Time Read Transfer) 




C-102 





















































































TC524256BJ/B2-80, TC524256BJ/BZ-10 


SYMBOL 

PARAMETER 


SE Set-Up Time referenced to RAS 

tREH 

SE Hold Time referenced to RAS 

tTRP 

dT to RAS Precharge Time 

tTP 

DT Precharge Time 

tRSO 

RAS to First SC Delay Time (Read Transfer) 

Usd 

Column Address to First SC Delay Time 

(Read Transfer) 

^cso 

CAS to First SC Delay Time (Read Transfer) 

tTSL 

Last SC to 5T Lead Time 

(Real Time Read Transfer) 

Usd 

DT to First SC Delay Time (Read Transfer) 

tSRS 

Last SC to RAS Set-Up Time (Serial Input) 

tSRD 

RAS to First SC Delay Time (Serial Input) 

tSDO 

RAS to Serial Input Delay Time 

tSDZ 

Serial Output Buffer Turn-off Delay from RAS 
(Pseudo Write Transfer) 

tscc 

SC Cycle Time 

tsc 

SC Pulse Width (SC High Time) 

tscp 

SC Precharge Time (SC Low Time) 

tSCA 

Access Time from SC 

tSOH 

Serial Output Hold Time from SC 

tSDS 

Serial Input Set-Up Time 

UOH 

Serial Input Hold Time 

tSEA 

Access Time from §? 

tSE 

SE Pulse Width 

Uep 

5E Precharge Time 

tSEZ 

Serial Output Buffer Turn-off Delay from SE 

tSZE 

Serial Input to SE Delay Time 

Uzs 

Serial Input to First SC Delay Time 

Uws 

Serial Write Enable Set-Up Time 

^SWH 

Serial Write Enable Hold Time 

tswis 

Serial Write Disable Set-Up Time 

tsWlH 

Serial Write Disable Hold Time 
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NOTES; 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. 

2. All voltage are referenced to Vss- 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by any 8 RAS cycles (DT/DE 
“high") and any 8 SC cycles before proper device operation is achieved. In case of using 
internal refresh counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 
RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. VijKmin.) and ViL(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vni and Vil. 

8. RAM port outputs are measured with a load equivalent to 1 TTL load and lOOpF. 

Dout reference levels : Voii/VoL = 2.0V/0.8V. 

9. SAM port outputs are measured with a load equivalent to 1 Tl'L load and 30pF. 

Dout reference levels ; Von/V ol=2.0V/0.8V. 

10. tOFFCmax.). tOEZ(max.) . tSDZ(max.) and tSEZ(max.) define the time at which the outputs 
achieve the open circuit condition and are not referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycles. 

12. These parameters are referenced to CAS leading edge of early write cycles and to ‘WR'/WE 
leading edge in OE-controlled-write cycles and read-modify-write cycles. 

13. twes. tRWD. tewD and tAWD are not restrictive operating parsuneters. They are included 
in the data sheet as electrical characteristics only. If twCS—twCS(min.)» tfia cycle is an 
early write cycles and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; If tRWD=tRWD(min.). tcWD^tcWDCmin.) and tAWD^tAWD(min.) 
the cycle is a read-modify-write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 

14. Operation within the tRCD(max.) limit insures that tRACCmax.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified 
tRCD(max.) limit, then access time is controlled by tcAC- 

15. Operation within the tRAD(max.) limit insures that tRACCmax.) can be met. tRAD(max.) is 
specified as a reference point only: If Irad is greater than the specified tRAD (max.) limit, 
then access time is controlled by tAA- 
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TIMING WAVEFORM 


READ CYCLE 
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WRITE CYCLE (EARLY WRITE) 



OUT 
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OP 


*1 Wb/We 

W1/I01~W4/I04 

0 

WMl data 

1 

Don't Core 

WMl data; 

0 ; Write Disable 


1 : Write Enable 
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Normal Write 
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WMI data: 0: Write Disable 
1 ; Write Enable 


07 
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READ - MODIFY - WRITE CYCLE 



*1 WB/WE 

Wt/l01~W4/l04 

Cycle 

0 

WMl data 

Write per bit 

1 

Don't Care 

Normal Write 


WMl data; 0; Write Disable 
I: Write Enable 


C-108 










TC524256BJ/BZ-80, TC524256BJ/BZ-10 




















TC524256BJ/BZ-80, TC524256BJ/BZ-10 













I uD:;^4^obbj/t5^-»u, i j/uz-i u 


RAS ONLY REFRESH CYCLE 
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HIDDEN REFRESH CYCLE 
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REAT. TIME READ TRANSFER CYCLE 



Note : 5 e = V|L 


: "H" or "L* 
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WRITE TRANSFER CYCLE 



C-118 













TC524256BJ/BZ-80, TC524256BJ/BZ-10 














e- r\ A r\ ^ tyn i /rt'Tr e%n i/r»^ i4 /^ 

I U3^H^90Da/D4.-0U, I I 0 


SERIAL WRITE CYCLE (SE=Vil) 



Note ; SE= \/,l 


SERIAL WRITE CYCLE (5E Controlled Inputs) 
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PIN FUNCTION 
ADDRESS INPUTS : An ~ As 

The 18 address bits required to decode 4 bits of the 1,048,576 cell locations within the dynamic 
RAM memory array of the TC524256BJ/BZ are multiplexed onto 9 address input pins (Ao~A8). 
Nine row address bits are latched on the falling edge of the row address strobe (RaS) and the 
following nine column address bits are latched on the falling edge of the column address strobe 

(CaS). 

ROW ADDRESS STROBE : RAS 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the 
control input that latches the row address bits and the states of CAS, DT/OE, WB/WE and SE to 
invoke the various random access and data transfer operating modes shown in Table 2. 

RAS has minimum and maximum pulse widths and a minimum precharge requirement which must 
be maintained for proper device operation and data integrity. The RAM port is placed in standby 
mode when the RAS control is held “high”. 

COLUMN ADDRESS STROBE : UA5 

CAS is the control input that latches the column address bits. CaS has minimum and 
maximum pulse widths and a minimum precharge requirement which must be maintained for 
proper device operation and data integrity. CAS also acts as an output enable for the output 
buffers on the RAM port. 

DATA TRANSFER/OUTPUT ENABLE : DT/Ol 

The DT/OE input is a multifunction pin. When DT/DE is “high” at the falling edge of RAS, 
RAM port operations are performed and DT/OE is used as an output enable control. When the 
DT / OE is “low" at the falling edge of RAS, a data transfer operation is started between the RAM 
port and the SAM port. 

WRITE PER BIT/WRITE ENABLE : WB/WE 

The WB/WE input is also a multifunction pin. When WB/WE is “high” at the falling edge of 
ilAS, during RAM port operations, it is used to write data into the memory array in the same 
manner as a standard DRAM. When WB/WE is “low” at the falling edge of RAS, during RAM 
port operations, the write-per-bit function is enabled. The WB/WE input also determines the 
direction of data transfer between the RAM array and the serial register (SAM). 

When WB/WE is “high” at the falling edge of RAS, the data is transferred from RAM to SAM 
(read transfer). When WB/WE is “low” at the falling edge of RAS, the data is transferred from 
SAM to RAM (write transfer). 
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WRITE MASK DATA/DATA INPUT AND OUTPUT : Wi /lOi-Wa/IOa 

When the vvrite-per-bit function is enabled, the mask data on the Wi/IOj pins is latched into 
the write mask register (WMl) at the falling edge of RAS. Data is written into the DRAM on 
data lines where the write-mask data is a logic “1”. Writing is inhibited on data lines where the 
write-mask data is a logic “0”. The write-mask data is valid for only one cycle. Data is written 
into the RAM port during a write or read-modify-write cycle. The input data is latched at the 
falling edge of either CAS or WB/WE, whichever occurs late. During an early-write cycle, the 
outputs are in the high-impedance state. Data is read out of the RAM port during a read or 
read-modify-write cycle. The output data becomes valid on the Wj/IOi pins after the specified 
access times from RAS, CAS, DT/QE and column address are satisfied and will remain valid as 
long as CAS and DT/UE are kept “low”. The outputs will return to the high-impedance state at 
the rising edge of either CaS or DT/ OE, whichever occurs first. 

SERIAL CLOCK : SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in 
or out of the SAM registers at the rising edge of SC. In a serial read, the output data becomes 
valid on the SIO pins after the maximum specified serial access time tsCA from the rising edge of 
SC. The serial clock SC also increments the 9-bits serial pointer which is used to select the SAM 
address. The pointer address is incremented in a wrap-around mode to select sequential locations 
after the starting location which is determined by the column address in the read transfer cycle. 
When the pointer reaches the most significant address location (decimal 511), the next SC clock 
will place it at the least significant address location (decimal 0). 

The serial clock SC must be held at a constant Vih or Vil level during read transfer / pseudo 
write transfer / write transfer operations and should not be clocked while the SAM port is in the 
standby mode to prevent the SAM pointer from being incremented. 

SERIAL ENABLE : SE 

The SE input is used to enable serial access operation. In a serial read cycle, SE is used as 
an output control. In a serial write cycle, SE is used as a write enable control. When SE is 
“high”, serial access is disabled, however, the serial address pointer location is still incremented 
when SC is clocked even when SE is “high”. 

SERIAL INPUT/OUTPUT : SI0l~SI04 

Serial input and serial output share common I/O pins. Serial input or output mode is 
determined by the most recent read, write or pseudo write transfer cycle. When a read transfer 
cycle is performed, the SAM port is in the output mode. When a write or pseudo write transfer 
cycle is performed, the SAM port is switched from output mode to input mode. During subsequent 
write transfer cycle, the SAM remains in the input mode. 
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OPERATION MODE 

The RAM port and data transfer operating of the TC524256BJ / BZ are determined by the state 
of CAS, DT/UE, WB/WE and SE at the falling edge of RAS. The Table 1 and the Table 2 show 
the operation truth table and the functional truth table for a listing of all available RAM port and 
transfer operation, respectively. 


Table 1. Operation Truth Table 


HAS falling edge 

L 

Function 

CAS 

dT/oe 

WBAA/E 

SE 

0 

* 

* 

* 

CAS before RAS Refresh 

1 

0 

0 

0 

Write Transfer 

1 

0 


1 

Pseudo Write Transfer 

1 

0 

1 

• 

Read Transfer 

1 

1 

0 

• 

Read / Write per Bit 

1 

1 

1 

* 

Read/Write 


Table 2. Functional Truth Table 


Function 


Address 

W/IO 

Write Mask 

CaS 

DT/OE 

WB/WE 



CAS 1_ 

ra5 1l 


WMI 

CM before RAS Refresh 

■i 

■i 

Bl 

* 

* 

- 

* 

- 

- 

Write Transfer 

1 

0 

0 

0 

Row 

TAP 

* 

• 

- 

Pseudo Write Transfer 

■■ 

0 

0 

Bi 

Row 

TAP 

* 

* 

- 

Rond Transfer 


0 

1 

Bi 

Row 

TAP 

* 

* 

- 

Write per Bit 

1 

a 

■1 

* 

Row 

Column 

WMI 

DIN 

Load use 

Read/Write 

1 


1 

* 

Row 

Column 

* 

DIN 

- 


* : “0” or “1” , TAP : SAM start address , — : not used 
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RAM PORT OPERATION 
FAST PAGE MODE CYCLE 

Fast page mode allows data to be transferred into or out of multiple column locations of the 
same row by performing multiple CAS cycle during a single active RAS cycle. During a fast page 
cycle, the UaS signal may be maintained active for a period up to 100 pseconds. For the initial 
fast page mode access, the output data is valid after the specified access times from RAS, CAS, 
column address and DT/OE. For all subsequent fast page mode read operations, the output data 
is valid after the specified access times from CAS, column address and DT / OE. When the 
write-per-bit function is enabled, the mask data latched at the falling edge of RAS is maintained 
throughout the fast page mode write or read-modify-write cycle. 

RAS-ONLY REFRESH 

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is 
accomplished by performing a memory cycle at each of the 512 rows in the DRAM array within 
the specified Sms refresh period. Although any normal memory cycle will perform the refresh 
operation, this function is most easily accomplished with “RAS-Only” cycle. 

HAg-BEFORE-MS REFRESH 

The TC524256BJ/BZ also offers an internal-refresh function. When CAS is held “low” for a 
specified period (teSR) before RAS goes “low”, an internal refresh address counter and on-chip 
refresh control clock generators are enabled and an internal refresh operation takes place. When 
the refresh operation is completed, the internal refresh address counter is automatically 
incremented in preparation for the next CAS-before-RAS cycle. For successive CAS-before-RAS 
refresh cycle, CAS can remain “low” while cycling RAS. 

HIDDEN REFRESH 

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS “low” from a previous 
read cycle. This allows for the output data from the previous memory cycle to remain valid while 
performing a refresh. The internal refresh address counter provides the address and the refresh is 
accomplished by cycling RAS after the specified RAS-precharge period (Refer to Figure 1). 



Figure 1. Hidden Refresh Cycle 
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WRITE-PER-BIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable circuits of the RAM 
port. When Wii/WE is held “low" at the falling edge of RAS, during a random access operation, 
the write-mask is enabled. At the same time, the mask data on the Wi/IOi pins is latched onto 
the write-mask register (WMl). When a “0” is sensed on any of the Wi / lOi pins, their 
corresponding write circuits are disabled and new data will not be written. When a “1” is sensed 
on any of the Wi/IOj pins, their corresponding write circuits will remain enabled so that new data 
is written. The truth table of the write-per-bit function is shown in Tabled. 


Table 3. Truth table for write-per-bit function 


At the falling edge of RAS 

Function 

CAS 

DT/OE 

WB/WE 

Wj/IOj (i= 1-4) 

H 

H 

H 

• 

Write Enable 

H 

H 

L 

1 

Write Enable 

0 

Write Mask 


An example of the write-per-bit function illustrating its application to displays is shown in 
Figures 2 and 3. 
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AO'AS 

DT/0E 
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W2/IO. 
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W|/IO| = H : Write 
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0 
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0 
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• 
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• " 0 " Write 

■ No Write (Masked) 

■ "1" Write 

■ No Write (Masked) 


Figure 2. Write-per-bit timing cycle 


Figure 3. Corresponding bit-map 
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SAM PORT OPERATION 

The TC524256BJ/BZ is provided with a 512 words by 4 bits serial access memory (SAM). 

High speed serial read or write operations can be performed through the SAM port independent of 
the RAM port operations, except during read transfer / write transfer / pseudo-write transfer cycles. 
The preceding transfer operation determines the direction of data flow through the SAM port. 

If the preceding transfer operation is a read transfer, the SAM port is in the output mode. If the 
preceding transfer operation is a write or pseudo write transfer, the SAM port is in the input 
mode. The pseudo write transfer operation only switches the SAM port from output mode to input 
mode; Data is not transferred from SAM to RAM. 

Serial data can be read out of the SAM port after a read transfer (RAM-»SAM) has been 
performed. The data is shifted out of the SAM port starting at any of the 512 bits locations. 

The TAP location corresponds to the column address selected at the falling edge of CAS during the 
read transfer cycle. The SAM registers are configured as circular data registers. The data is 
shifted out sequentially starting from the selected tap location to the most significant bit and then 
wraps around to the least significant bit, as illustrated below. 


Start address : Tap location 


n 

n 

n 

ppppppH 

N 

m 



^1 

m 

u 

II 

y 


M 

m 



Subsequent real-time read transfer may be performed on-the-fly as many times as desired, 
within the refresh constraints of the DRAM array. Simultaneous serial read operation can be 
performed with some timing restrictions. A pseudo write transfer cycle is performed to change the 
SAM port from output mode to input mode in order to write data into the serial registers through 
the SAM port. A write transfer cycle must be used subsequently to load the SAM data into the 
RAM row selected by the row address at the falling edge of RAS. The starting location in the 
SAM registers for the next serial write is selected by the column address at the falling edge of 
CAS. The truth table for single register mode SAM operation is shown in Table 4. 
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Table 4. Truth Table for SAM Port Operation 


SAM PORT 

OPERATION 

I5T/QT at the 

falling edge of 

SC 

5F 

FUNCTION 

IIIIIJQQIIIII 

Serial Output Mode 

H 

XL 

L 

Enable Serial Read 

Read Transfer 

H 

Disable Serial Read 

Serial Input Mode 

XL 

U 

Enable Serial Write 

Write Transfer 

H 

Disable Serial Write 

Serial Input Mode 

XL 

L 

Enable Serial Write 

Pseudo Write Transfer 

H 

Disable Serial Write 


REFRESH 

The SAM data registers are static flip-flop, therefore a refresh is not required, 

DATA TRANSFER OPERATION 

The TC524256BJ/BZ features the internal bidirectional data transfer capability between RAM 
and the SAM, as shown in Figure 4. During a transfer, 512 words by 4 bits of data can be loaded 
from RAM to SAM (Read Transfer) or from SAM to RAM (Write Transfer). 



0 


512x4 


Figure 4. Data Transfer 
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As shown in Table 5, the TC524256BJ/BZ supports three types of transfer operations: Read 
transfer, Write transfer and Pseudo write transfer. Data transfer operations between RAM and 
SAM are invoked by holding the DT/OE signal “low” at the falling edge of RAS. The type of 
data transfer operation is determined by the state of CAS, WB/WE and SE latched at the falling 
edge of RaS. During data transfer operations, the SAM port is switched from input to output 
mode (Read transfer) or output to input mode (Write transfer/Pseudo write transfer). During a 
data transfer cycle, the row address Ao~A8 select one of the 512 rows of the memory array to or 
from which data will be transferred and the column address Aq^As select one of the tap locations 
in the serial register. The selected tap location is the start position in the SAM port from which 
the first serial data will be read out during the subsequent serial read cycle or the start position in 
the SAM port into which the first serial data will be written during the subsequent serial write 
cycle. 


Table 5. Transfer Modes 


at the falling edge of RA$ 

Transfer Mode 

Transfer Direction 

Transfer Bit 

SAM Port Mode 

Cas 

ot/c5e 

wB'/We 

5? 

H 

L 

H 

* 

Read Transfer 

RAM -» SAM 

512x4 

Input -* Output 

H 

L 

L 

1 

Write Transfer 

SAM -+ RAM 

512x4 

Output -» Input 

H 

t 

L 

H 

Pseudo Write Transfer 

- 

- 

Output -» Input 


• : "II" or “L” 


READ 'fRANSFER CYCLE 

A read transfer consists of loading a selected row of data from the RAM array into the SAM 
rcgislur. A read tninsfcr is invoked by Jiolding CAS “liigli", 1)'J'/DE “low” uiid WJi/ WE “Jiigb" at 
the falling edge of RAS. The row address selected at the falling edge of RAS determines the RAM 
row to be transferred into the SAM. The transfer cycle is completed at the rising edge of DT/OE. 

When the transfer is completed, the SAM port is set into the output mode. 

In a read/real time read transfer cycle, the transfer of a new row of data is completed at the 
rising edge of DT/CE and this data becomes valid on the SIO lines after the specified access time 
tsCA;from the rising edge of the subsequent serial clock (SC) cycle. The start address of the serial 
pointer of the SAM is determined by the column address selected at the falling edge of CAS. 

Figure 5 shows the operation block diagram for read transfer operation. 
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Ao~As 


Figure 5. Block Diagram for Read Transfer Operation 



In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be 
held at a constant Vit, or Vm, after the SC high time has been satisfied. A rising edge of the SC 
clock must not occur until after the specified delay ti’SD from the rising edge of DT /DE, as shown 
in Figure 6. 



Figure 6. Read Transfer Timing 

In a real time read transfer cycle (which is preceded by another read transfer cycle), the 
previous row data appears on the SIO lines until the DT/OE signal goes “high” and the serial 
access time tsCA for the following serial clock is satisfied. This feature allows for the first bit of 
the new row of data to appear on the serial output as soon as the last bit of the previous row has 
been strobed without any timing loss. To make this continuous data flow possible, the rising edge 
of DT/OE must be synchronized with RAS, CAS and the subsequent rising edge of SC (tRTH, tcTll, 
and trSL/tTSD must be satisfied), as shown in Figure 7. 

The timing restriction tTSh/trSD are 5ns min/15ns min. 
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Figure 7. Real Time Read Transfer 


WRITE TRANSFER CYCLE 

A write transfer cycle consist of loading the content of the SAM register into a selected row of 
the RAM array. If the SAM data to be transferred must first be loaded through the SAM port, a 
pseudo write transfer operation must precede the write transfer cycles. However, if the SAM port 
data to be transferred into the RAM was previously loaded into the SAM via a read transfer, the 
SAM to RAM transfer can be executed simply by performing a write transfer directly. A write 
transfer is invoked by holding CAS “high”, DT/OE “low”, WB/WEi “low” and 5E “low” at the 
falling edge of RAS. 

Figure 8 and 9 show the timing diagram and block diagram for write transfer operations, 
respectively. 

w __y 1 _ I \_ 

^ _J p \_ } 


Ao-As 'mmm row"i ^—sams^' 



SI0i~SI04 Data ln~y Data 10“^ ■ - .. - f Data ln~l( Data InY 


Figure 8. Write Transfer Timing 
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The row address selected at the falling edge of RAS determines the RAM row address into 
which the data will be transferred. The column address selected at the falling edge of CAS 
determines the start address of the serial pointer of the SAM. After the write transfer is 
completed, the SIO lines are set in the input mode so that serial data synchronized with the SC 
clock can be loaded. 



Figure 9. Block Diagram for Write Transfer Operation 

When consecutive write transfer operations are performed, new data must not be written into 
the serial register until the RAS cycle of the preceding write transfer is completed. Consequently, 
the SC clock must be held at a constant Vjl or Vjh during the RAS cycle. A rising edge of the 
SC clock is only allowed after the specified delay tsRD from the rising edge of RAS, at which time 
a new row of data can be written in the serial register. 

PSEUDO WRITE TRANSFER CYCLE 

A pseudo write transfer cycle must be performed before loading data into the serial register 
after a read transfer operation has been executed. The only purpose of a pseudo write transfer is 
to change the SAM port mode from output mode to input mode (A data transfer from SAM to RAM 
does not occur). After the serial register is loaded with new data, a write transfer cycle must be 
performed to transfer the data from SAM to RAM. A pseudo write transfer is invoked by holding 
CAS “high”, DT/OE “low”, WiB/WE “low” and SE “high” at the falling edge of RAS. The timing 
conditions are the same as the one for the write transfer cycle except for the state of SE at the 
falling edge of RAS. 
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REGISTER OPERATION aEOlIENOE (EXAMPLE) 

Figure 10 illustrates an example of register operation sequence after device power-up and 
initialization. After power-up, a minimum of 8 RAS and 8 SC clock cycles must be performed to 
properly initialize the device. A read transfer is then performed and the column address latched 
at the falling edge of CAS sets the SAM tap pointer location which up to that point was in an 
undefined location. Subsequently, the pointer address is incremented by cycling the serial clock 
SC from the starting location to the last location in the register (address 511) and wraps around to 
the least significant address location. The SAM address is incremented as long as SC is clocked. 


Vcc 



Read 

Transfer 



Figure 10. Example of SAM Register Operation Seguence 
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The next operation is a pseudo write transfer which switches the SAM port from output mode to 
input mode in preparation for write transfers. The column address latched at the falling edge of 
CAS during the pseudo write transfer sets the serial register tap location. Serial data will be 
written into the SAM starting from this location. 

TRANSFER OPERATION WITHOUT gAg 

During all transfer cycles, the CaS input clock must be cycled, so that the column address are 
latched at the falling edge of CAS, to set the SAM tap location. If CAS was maintained at a 
constant “high" level during a transfer cycle, the SAM pointer location would be undefined. 
Therefore a transfer cycle with CAS held “high” is not allowed (Refer to the illustration below). 



Another read transfer may be performed following the read transfer provided that a minimum 
delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown 
below). 



r 

L 
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POWER-UP 

Power must be applied to the RAS and ET / GE input signals to pull them “high” before or at 
the same time as the Vcc supply is turned on. After power-up, a pause of 200 pseconds minimum 
is required with RAS and ET/DE held “high”. After the pause, a minimum of 8 RAS and 8 SC 
dummy cycles must be performed to stabilize the internal circuitry, before valid read, write or 
transfer operations can begin. During the initialization period, the I5T/OE signal must be held 
“high”. If the internal refresh counter is used, a minimum 8 CAS-before-RAS initialization cycles 
are required instead of 8 RaS cycles. 

INITIAL STATE AFTER POWER-UP 

When power is achieved with RAS, CAS, DT/{5E and WB/WE held “high”, the internal state 
of the TC524256BJ/BZ is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input 
signal levels. Therefore, it is recommended that the initial state be set after the initialization of 
the device is performed (200 pseconds pause followed by a minimum of 8 RAS cycles and 8 SC 
cycles) and before valid operations begin. 



State after power-up 

SAM port 

Input Mode 

WMl Register 

Write Enable 

TAP pointer 

Invalid 
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262, 144WORDSX4BITS MULTIPORT DRAM 
DESCRIPTION 


PRELIMINARY 


The TC524258R],^Z is a CMOS multiport memory equipped with a 262,144-words by 4-bits dynamic random 
access memory (RAM) port and a 512-words by 4-bits static serial access memory (SAM) port. The 
TC524258BJ/BZ supports tliree types of operations: random access to and from the RAM port, high speed 
serial access to and from the SAM port and bidirectional transfer of data between any selected row in tKe RAM 
port and the SAM port. The RAM port and the SAM port can be accessed independently except when data is 
being transferred between them internally. In addition to the conventional multiport video RAM operating 
modes, the TC524258BJ/BZ features the block write and flash write functions on the RAM port and a split 


register data traiisfer capability on the SAM port. The TC524258BJ/BZ is fabricated using 'Ibshiba's CMOS 
silicon gate process as well as advanced circuit designs to provide low power dissipation and wide operating 
margins. 


FEATURES 


ITEM 

TC524258BJ/BZ 

-80 

-10 

tRAC RAS Access Time (Max.) 

80ns 

100ns 

U ac CAS' Access Time (Max.) 

25ns 

25ns 

tAA Column Address Access Time (Max.) 

45 ns 

50ns 

tsr Cycle Time (Min.) 

150ns 

180ns 

tpr Page Mode Cycle Time (Min.) 

50ns 

55ns , 

tscA Serial Access Time (Max.) 

25ns 

25ns 

tscc Serial Cycle time (Min.) 

30ns 

30ns 

Icci RAM Operating Current 
(SAM: Standby) 

85mA 

70mA 

lcC 2 A SAM Operating Current 
(RAM : Standby) 

50mA 

50mA 

Irr? Standby Current 

10mA 

10mA 


• Single power supply of 5V±10% with a built-in 
VuB generator 

• All inputs and outputs : ITL Compatible 


• Organization 

RAM Port : 262,144wordsX4bits 
SAM Port : 512wordsX4bits 

• RAM Port 

Fast Page Mode . Read - Modify - Write 
CAS before RAS Refresh, Hidden Refresh 
RAS only Refresh, Write per Bit 
Flash Write, Block Write 
512 refresh cycles/8ms 

• SAM Port 

High Speed Serial Read/Write Capability 
512 Tap Locations 
Fully Static Register 

• RAM - SAM Bidirectional Transfer 

Read/Write/Pseudo Write Transfer 
Real Time Read Transfer 
Split Read/Write Transfer 

• Package 

TC524258BJ : SOJ28 - P - 400 
TC524258BZ : ZIP28-P-400 


PIN NAME 


PIN CONNECTION 


A0~A8 

Address inputs 

RA^5 

Row Address Strobe 

CAS 

Column Address Strobe 

ot/Oe 

Data Transfer/Output Enable 

wb/We 

Write per Bit/Write Enable 

DSF 

Special Function Control 

W1/I01-W4/I04 

Write Mask/Data IN, OUT 

SC 

Serial Clock 

5E ■ 

Serial Enable 

SI01~SI04 

Serial Input/Output 

QSF 

Special Flag Output 

Vcc/Vss 

Power (5V)/Ground 

N.C. 

No Connection 


TC524258BJ 

SC r 

1 

28 

5101 [ 

2 

27 

SI02 [ 

3 

26 

DT/I5E [ 

4 

25 

W1/I01 C 

5 

24 

W2/I02 C 

6 

23 

Wf/WI [ 

7 

22 ] 

NC [ 

8 

21 ] 

HAI [ 

9 

20 ] 

A8 C 

10 

19 ] 

A6 [ 

11 

18 ] 

AS [ 

12 

17 ] 

A4 [ 

13 

16 ] 

Vcc C 

14 

15 3 


VS5 


W4/I04 

W3/I03 

DSF 

OSF 

AO 

A1 

A2 

A3 

A7 


28Pln 400mil SOJ 
JEDEC SUnclard 


TC524258BZ 


] W3/I03 
] SE 
] SI04 
] SC 
] SI02 
] W1/(01 
] Wff/WE 
D ^ 

A6 
A4 
b A7 
A2 
AO 
(fAT 


28Pln 400mll helghl ZIP 
JEOEC Standard 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

NOTE 

VlN. VouT 

Input Output Voltage 

-1.0~7.0 

V 

1 

Vcc 

Power Supply Voltage 

- 1.0~7.0 

V 

1 

Topr 

Operating Temperature 

0~70 

'C 

1 

Tstg 

Storage Temperature 

-55-150 

°C 

1 

ISOLDER 

Soldering Temperature-Time 

260-10 

“C-sec 

1 

Pd 

Power Dissipation 

1 

w 

1 

loUT 

Short Circuit Output Current 

50 

mA 

1 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


CAPACITANCE (Vcc = 5V, f=1MH2, Ta = 25°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

— 

c, 

Input Capacitance 

- 

7 

PF 

C|0 

Input/Output Capacitance 

- 

9 

Co 

Output Capacitance (QSF) 

- 

9 


Note : This parameter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°C) 


ITEM (RAM PORT) 


OPERATING CURRENT 

^RAS, 'CAS Cycling j 
^tRc = tRc min. 


STANDBY CURRENT 

(RAS, CA 5 =Vih) 


RAS ONLY REFRESH CURRENT 


/RAS Cycling, CAS = V|h 
W = tRC min. y 


PAGE MODE CURRENT 

^^ = V|L, CA5 Cycling "I 
''tpc = tpc min. ' 


CAS BEFORE ^S REFRESH CURRENT 

/RAS Cycling, CA5 Before RASN 
\tRc = tRc min. / 


DATA TRANSFER CURRENT 
/ Ra5, CAs Cycling 
'tRcstRc min. ' 


FLASH WRITE CURRENT 


/RAS', 'CAS' CyclingN 

' to/- s. to/- min ' 


'>tRC = tRc min. 


BLOCK WRITE CURRENT 

/ R^, CAS Cycling ' 
' tRc = tRc min. ' 


SAM PORT 

SYMBOL 

Standby 

Icci 

Active 

ICCIA 

Standby 

ICC2 

IHBI 

•CCZA 

Standby 

ICC3 

Active 

ICC3A 

Standby 

■CC4 

Active 

■CC4A 

Standby 

kcs 

Active 

kcsA 

Standby 

•CC6 

Active 

ICC6A 

Standby 

ICC7 

Active 

ICC7A 

Standby 

Iccu 

Active 

ICCBA 


TC524258BJ/BZ-80 TC524258BJ/BZ-10 


MIN. MAX. MIN. MAX. 


ITEM 

SYMBOL 

INPUT LEAKAGE CURRENT 

0V£ VifjSie.SV, All other pins not under test = 0V 

'kd 

OUTPUT LEAKAGE CURRENT 

OVSVqut^S.SV, Output Disable 

•o(l) 

OUTPUT "H" LEVEL VOLTAGE 

louT = “ 2mA 

VoH 

OUTPUT "L” LEVEL VOLTAGE 
louT = 2mA 

VoL 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 

(Vcc = 5V ± 10%, Ta = 0~70°C) (Notes: 5, 6, 7) 


C-139 




































































































































































Tr^CO>IOCQD I/D7 On Tr^CO^OCOD I/D7 -fn 
I wo'c.T^o'ui.iPU/ i i vr 


SYMBOL 

PARAMETER 

tps 

Data Set-Up Time 

tPH 

Data Hold Time 

tPHR 

Data Hold Time referenced to RAS 

twcs 

Write Command Set-Up Time 

tRWD 

RAS to WE Delay Time 

tAWO 

Column Address to WE Delay Time 

tcwo 

Ca 5 to Wf Delay Time 

tp/c 

Data to 'CAS Delay Time 

^P20 

Data to ISS. Delay Time 

tpEA 

Access Time from UE 

tOEZ 

Output Buffer Turn-off Delay from SE 

tOED 

to Data Delay Time 

tpEH 

GE Command Hold Time 

tROH 

RAS Hold Time referenced to GE 

tcSR 

CAS Set-Up Time for CAS Before RaS Cycle 

tCHR 

tAS Hold Time for ?a 5 Before RaS Cycle 

tRPC 

RAS Precharge to GAS Active Time 

tREF 

Refresh Period 

twSR 

W8 Set-Up Time 

tRWH 

Wb Hold Time 

tpSR 

DSF Set-UP Time referenced to RAS 

tRFH 

DSF Hold Time referenced to RaS (1) 

tFHR 

DSF Hold Time referenced to RaS (2) 

tFSC 

DSF Set-Up Time referenced to CAS 

tCFH 

DSF Hold Time referenced to CAS 

Ims 

Write-Per-Bit Mask Data Set-Up Time 

tMH 

Write-Per-Bit Mask Data Hold Time 

Iths 

OT High Set-Up Time 

tlHH 

DT High Hold Time 

tll.S 

6T Low Sot - Up Time 

^TLH 

DT Low Hold Time 

tRTH 

dT Low Hold Time referenced to. RAS 

(Real Time Read Transfer) 

tATH. 

DT Low Hold Time referenced to Column 

Address (Real Time Read Transfer) 

kTH 

GT Low Hold Time referenced to CAS 

(Real Time Read Transfer) 


1 TC524258BJ/BZ-80 

TC524258BJ/BZ-10 | 

1 MIN. 

MAX. 

MIN. 

MAX. 1 


UNIT NOTE 
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SYMBOL 

PARAMETER 


SE Set-Up Time referenced to RA? 

'keh 

SI Hold Time referenced to RAS 

tTBP 

dT to RaS Precharge Time 

^TP 

CiT Precharge Time 

tftSD 

RAS to First SC Delay Time (Read Transfer) 

tASD 

Column Address to First SC Delay Time 

(Read Transfer) 

kSD 

CAS to First SC Delay Time (Read Transfer) 

tTiL 

Last SC to DT Lead Time 

(Real Time Read Transfer) 

trsD 

DT to First SC Delay Time (Read Transfer) 

tSRS 

Last SC to RAS Set-Up Time (Serial Input) 

tSRD 

RAS to First SC Delay Time (Serial Input) 

tSDO 

RAS to Serial Input Delay Time 

tSDZ 

Serial Output Buffer Turn-off Delay from RA’S 
(Pseudo Write Transfer) 

tscc 

SC Cycle Time 

tsc 

SC Pulse Width (SC High Time) 

tscp 

SC Precharge Time (SC Low Time) 

t5CA 

Access Time from SC 

tSOH 

Serial Output Hold Time from SC 

tsos 

Serial Input Set-Up Time 

tSDH 

Serial Input Hold Time 

tSEA 

Access Time from Sl 

tSE 

SE Pulse Width 

tSEP 

ST Precharge Time 

tSEZ 

Serial Output Buffer Turn-off Delay from SE 

tSZE 

Serial Input to Delay Time 

tszs 

Serial Input to First SC Delay Time 

tsws 

Serial Write Enable Set-Up Time 

tsWH 

Serial Write Enable Hold Time 

tswis 

Serial Write Disable Set-Up Time 

tsWIH 

Serial Write Disable Hold Time 

tSTS 

Split Transfer Set-Up Time 

tSTM 

Split Transfer Hold Time 

tSQD 

SC-QSF Delay Time 

tlQO 

DT - QSF Delay Time 

^CQD 

CAS - QSF Delay Time 

tRQD 

RAS-QSF Delay Time 


TC524258BJ/BZ-80 TC524258BJ/BZ-10 


UNIT note 
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NOTES : 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. 

2. All voltage are referenced to Vss* 

3. These parameters depend on,cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by any 8 RAS cycles (DT/CE 
“high”) and any 8 SC cycles before proper device operation is achieved. In case of using 
internal refresh counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 
ESS cycles are required. 

6. AC measurements assume tT = 5ns. 

7. ViH(min.) and ViL(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil. 

8. RAM port outputs are measured with a load equivalent to 1 TPL load and lOOpF, 

DouT reference levels : Von/VoL = 2.0V/0.8V. 

9. SAM port outputs are measured with a load equivalent to 1 TTL load and 30pF. 

Dout reference levels : Voii/Vol=2.0V/0.8V. 

10. tOFF(max.). tOEZimax.) . tSDZ(max.) and tSBZ(max.) define the time at which the outputs 
achieve the open circuit condition and are not referenced to output voltage levels. 

11. Either tucH or tRRH must be satisfied for a read cycles. 

12. These parameters are referenced to CAS leading edge of early write cycles and to WB/WE 
leading edge in UE-controlled-write cycles and read-modify-write cycles. 

13. twCSi tRWD. tcwD and taWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twCS^twCS(min.)» the cycle is an 
early write cycles and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; If tuWD^tRWD(inin.), tcWD^tcWD(min.) and tAWD^tAWD(min.) 
the cycle is a read-modify-write cycle and the data out will contain data read from the 
selected cell; If neither of the above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 

14. Operation within the tRCD (mux.) iimit insures that tRAC (mux.) can be met. 

tRC0(max.) is Specified as a reference point only; If tRCD is greater than the specified 
tRCD (max.) limit, then access time is controlled by tCAC> 

15. Operation within the tRAD(max.) limit insures that tRAC (max.) can be met. tRAD(max.) is 
specified as a reference point only: If tRAD is greater than the specified tRAD(max.) limit, 
then access time is controlled by tAA. 
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TIMING WAVEFORM 


READ CYCLE 














I I U0^4^00DJ/D^- I U 



WM1 data; 0; Write Disable 
1 : Write Enable 
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READ - MODIFY - WRITE CYCLE 



*1 WB/WE 

W1 /I01~W4/I04 

Cycle 

0 

WMI data 

Write per bit 

1 

Don't Care 

Normal Write 


VVMl dala ; 0: Write Disable 

1 ; Write Enable 
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FAST PAGE MODE READ CYCLE 


toACP . . 
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FAST PAGE MODE RE AD • MODIFY - WRITE CYCLE 
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gM BEFORE Mg REFRESH CYCLE 


RAS 


CAS 


WB/WF 


dT/oT 


DSF 



V^l/IOI VoH ~ 
-'W4 /104 VoL _ 


> 


OPEN 


Note;A0-A8 s Don't Care ("H" or "L") 









C-152 







TC524258BJ/BZ-80, TC524258BJ/BZ-10 


LOATI COLOR REGISTER CYCLE 



(Early Write) 


: "H" or "L" 
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FLASH WRITE CYCLE 
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BLOCK WRITE CYCLE 
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PAGE MODE BLOCK WRITE CYCLE 


RAS 

VlL 


CAS 

V|L 


A0~A8 

V|L 


DT/OE 

V|L 


VVB/V^E 

V,L 


DSF 

VlL 


W1/I01 V|H 
-W4/I04 V|L 




*3) COLUMN SELECT 


Wl/101 - Column 0 (A,c = 0, Aoc = 0) 

W2/I02 - Column 1 {A,c = 0, Aqc = D 

W3/I03 - Column 2{A,c = 1, Aoc = 0) 

W4/I04 - Column 3(Aic = 1. Aqc = 1) 


} Wn/IOn 

= 0: Disable 
= 1 : Enable 
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READ TRANSFER CYCLE (Previous Transfer is WRITE TRANSFER CYCLE) 


RAS 


tA5 


A0~A8 


WB/WE 


DT/C5E 


DSF 


Wl /i6i 
~W4/I04 


SC 



QSF 



Note ; 5E = V|l 



: "H" or "L* 
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SPLIT READ I^RANSFER CYCLE 
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I ttmUHjHIHIIHIKmgKjmMimillHI 


Wi3/WE v„ -M- 


WMmmMmmmm 


Viij 

DT/OE V„ ^ 


v;^ A 


V.'l/IOI VoH“ 
~W4 /104 VoL - 


.tlLS ■ I LMh 




Inhibit Rising Transient 


Jl5S^ Lk£H 


[t|R[^ . ^ tscc 

ii^ :^i lii^i 


^ V,H - 


\^\ -H 


,^, V|H VALID 

ViL -A- data-in 


Previous 
Row Data 


^^SDS [ pSDH 

valid 

^ DATA-IN .i 


TAP MSB (A8) 


WMl data: 0; Transfer Disable 
1 : Transfer Enable 


New Row Data 


: "H" or "L“ 
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SERIAL WRITE CYCLE (gE’=ViT,) 



SERIAL WRITE CYCLE Controlled Inputs) 
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PIN FUNCTION 

ADDRESS INPUTS : An ~ A« 

The 18 address bits required to decode 4 bits of the 1,048,576 cell locations within the dynanric 
RAM memory array of the TC524258BJ / BZ are multiplexed onto 9 address input pins (Ao~A8). 
Nine row address bits are latched on the falling edge of the row address strobe (RAS) and the 
following nine column address bits are latched on the falling edge of the column address strobe 

ROW ADDRESS STROBE : iW 

A random access cycle or a data transfer cycle begins at the falling edge of RAS, RAS is the 
control input that latches the row address bits and the states of CAS, DT/CE, WB/WE, SC and 
DSF to invoke the various random access and data transfer operating modes shown in Table 2. 

RAS has minimum and maximum pulse widths and a minimum precharge requirement which must 
be maintained for proper device operation and data integrity. The RAM port is placed in standby 
mode when tlie RAS control is held “high". 

COLUMN ADDRESS STROBE : CAS 

CAS is the control input that latches the column address bits and the state of the special 
function input DSF to select, in conjunction with the RAC control, either read/write operations or 
the special block write feature on the RAM port when the DSF input is held “low” at the falling 
edge of RAS. Refer to the operation truth table shown in Table 1. CAS has minimum and 
maximum pulse widths and a minimum precharge requirement which must be maintained for 
proper device operation and data integrity. CAS also acts as an output enable for the output 
buffers on the RAM port. 

DATA TRANSFER/OUTPUT ENABLE : DT/OE 

The DT/OE input is a multifunction pin. When DT/OE is “high” at the falling edge of RAS, 
RAM port operations are performed and DT/OE is used as an output enable control. When the 
DT/OE is “low” at the falling edge of RAS, a data transfer operation is started between the RAM 
port and the SAM port. 
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WRITE PER BIT/WRITE ENABLE : WB/WE 

The WB/WE input is also a multifunction pin. When WB/WE is “high” at the falling edge of 
RAS, during RAM port operations, it is used to write data into the memory array in the same 
manner as a standard DRAM. When WB/WE is “low” at the falling edge of RAS, during RAM 
port operations, the write-per-bit function is enabled. The WB/WE input also determines the 
direction of data transfer between the RAM array and the serial register (SAM). 

When WB/WE is “high" at the falling edge of RAS, the data is transferred from RAM to SAM 
(read transfer). When WB/WE is “low” at the falling edge of RAS, the data is transferred from 
SAM to RAM (masked-write transfer). 


WRITE MASK DATA/DATA INPUT AND OUTPUT : Wi /I0i~W4/I04 

When the write-per-bit function is enabled, the mask data on the Wi/IOi pins is latched into 
the write mask register (WMl) at the falling edge of RAS. Data is written into the DRAM on 
data lines where the write-mask data is a logic “1”. Writing is inhibited on data lines where the 
writc-mask data is a logic “0”. The write-mask data is valid for only one cycle. Data is written 
into the RAM port during a write or read-modify-write cycle. The input data is latched at the 
falling edge of either CAS or WB/WE, whichever occurs late. During an early-write cycle, the 
outputs are in the high-impedance state. Data is read out of the RAM port during a read or 
read-modify-write cycle. The output data becomes valid on the Wi/lOj pins after the specified 
access times from RAS, BAB, DT/OE and column address are satisfied and will remain valid as 
long as CAB and DT/OE are kept “low”. The outputs will return to the high-impedance state at 
the rising edge of either CAS or DT/OE, whichever occurs first. 

SERIAL CLOCK : SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in 
or out of the SAM registers at the rising edge of SC. In a serial read, the output data becomes 
valid on the SIO pins after the maximum specified serial access time tscA from the rising edge of 
SC. The serial clock SC also increments the 9-bits serial pointer (8-bits in split register mode) 
which is used to select the SAM address. The pointer address is incremented in a wrap-around 
mode to select sequential locations after the starting location which is determined by the column 
address in the read transfer cycle. When the pointer reaches the most significant address location 
(decimal 511), the next SC clock will place it at the least significant address location (decimal 0). 
The serial clock SC must be held at a constant Vm or Vil level dui'ing read/pseudo write/write 
transfer operations and should not be clocked while the SAM port is in the standby mode to 
prevent the SAM pointer from being incremented. 
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SERIAL ENABLE : gE 

The He input is used to enable serial access operation. In a serial read cycle, HH is used as 
an output control. In a serial write cycle, SH is used as a write enable control. When SH is 
“high”, serial access is disabled, however, the sei'ial address pointer location is still incremented 
when SC is clocked even when SE is “high”. 

SPECIAL FUNCTION CONTROL INPUT : DSF 

The DSF input is latched at the falling edge of RAS and CA§ and allows for the selection of 
various random port and data transfer operating modes. In addition to the conventional multiport 
DRAM, the special features consisting of flash write, block write, load color register and split 
read/write transfer can be invoked. 

SPECIAL FUNCTION OUTPUT : QSF 

QSF is an output signal which, during split register mode, indicates which half of the split 
SAM is being accessed. QSF “low” indicates that the lower split SAM (Bit 0~255) is being 
accessed and QSF “high” indicates that the upper split SAM (Bit 256~511) is being accessed. QSF 
is monitored so that after it toggles and after allowing for a delay of tsTS. split read / write transfer 
operation can be performed on the non-active split SAM. 

SERIAL INPUT/OUTPUT : SIQ1~SI04 

Serial input and serial output share common I/O pins. Serial input or output mode is 
determined by the most recent read, write or pseudo write transfer cycle. When a read transfer 
cycle is performed, the SAM port is in the output mode. When a write or pseudo write transfer 
cycle Is performed, the SAM port is switched from output mode to input mode. During subsequent 
write transfer cycle, the SAM remains in the input mode. 
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OPFRATION MODE 

The RAM port and data transfer operating of the TC524258BJ / BZ are determined by the state 
of CAS, DT/OE, WB/WE, SE and DSF at the falling edge of RAg and by the state of DSF at the 
falling edge of CAS. The Table 1 and the Table 2 show the operation truth table and the 
functional truth table for a listing of all available RAM port and transfer operation, respectively. 

Table 1. Operation Truth Table 

dAS falling edge 


RAS falling edge t 




CAS before RAS Refresh 


Masked Write Transfer 

Split Write Transfer with 

Masked Write Transfer 

Split Write Transfer with 

Pseudo Write Transfer 

Mask 

Pseudo Write Transfer 

Mask 

Read Transfer 

split Read Transfer 

Read Transfer 

Split Read Transfer 

Read/Write per Bit 

Masked flash Write 

Masked Block Write 

Masked Flash Write 

Read / Write 

Load Color 

Block Write 

Load Color 

Table 2. 

Functional Truth Table 




CAfL Address 



1_ CAst cSTl. 



Row TAP WM1 


Row TAP 


Row TAP WM1 


Row TAP 


Row TAP 


Row Column WMl 


„ Column .. Column 

Row A2C-8C WMl Select 


Row 


Row Column 


„ Column 
Row A2C-8C 


Color 


Load 


— : not used 


Row 


* ; “0” or “1” , TAP ; SAM start address , — : not used 

If the special function control input (DSF) is in the “low” state at the falling edges of RAS and 
CAS, only the conventional multiport DRAM operating features can be invoked : CAS-before-RAS 
refresh, write transfer, pseudo-write transfer, read transfer and read write modes. If the DSF input is 
“high” at the falling edge of RAS, special features such as split write transfer, split read transfer, flash 
write and load color register can be invoked. If the DSF input is “low” at the falling edge of RAS 
and “high” at the falling edge of CAS, the block write special feature can be invoked. 
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RAM PORT OPERATION 

FAST PAGE MODE CYCLE 

Fast page mode allows data to be transferred into or out of multiple column locations of the 
same row by performing multiple CA^ cycle during a single active RAS cycle. During a fast page 
cycle, the RAS signal may be maintained active for a period up to 100 pseconds. For the initial 
fast page mode access, the output data is valid after the specified access times from RAS, UAS, 
column address and DT/OE. For all subsequent fast page mode read operations, the output data 
is valid after the specified access times from CAS, column address and DT / OE. When the 
write-per-bit function is enabled, the mask data latched at the falling edge of RAS is maintained 
throughout the fast page mode write or read-modify-write cycle. 

Ras-only refresh 

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is 
accomplished by performing a memory cycle at each of the 512 rows in the DRAM array within 
the specified Sms refresh period. Although any normal memory cycle will perform the refresh 
operation, this function is most easily accomplished with “RAS-Only” cycle, 

Ca^-before-raE refresh 

The TC524258BJ / BZ also offers an internal-refresh function. When CaS is held “low” for a 
specified period (tcsR) before RAS goes “low”, an internal refresh address counter and on-chip 
refresh control clock generators are enabled and an internal refresh operation takes place. When 
the refresh operation is completed, the internal refresh address counter is automatically 
incremented in preparation for the next CAS-before-RAS cycle. For successive CAH-before-RAE 
refresh cycle, EaS can remain “low” while cycling RAS. 

HIDDEN REFRESH 

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS “low” from a previous 
read cycle. This allows for the output data from the previous memory cycle to remain valid while 
performing a refresh. The internal refresh addi’ess counter provides the address and the refresh is 
accomplished by cycling IIaS after the specified RAS-precharge period (Refer to Figure 1). 



Figure 1. Hidden Refresh Cycle 
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WRTTE-PER-BIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable circuits of the RAM 
port. When WB/WE is held “low” at the falling edge of RAS, during a random access operation, 
the write-mask is enabled. At the same time, the mask data on the Wi / lOi pins is latched onto 
the write-mask register (WMl). When a “0” is sensed on any of the Wj / lOi pins, their 
corresponding write circuits are disabled and new data will not be written. When a “1” is sensed 
on any of the Wi/IOi pins, their corresponding write circuits will remain enabled so that new data 
is written. The truth table of the write-per-bit function is shown in Table 3, 


Table 3. Truth table for write-per-bit function 


At the falling edge of RAS 

Function 

CAS 

DT/OE 



H 

H 

H 

• 

Write Enable 

H 

H 

L 

1 

Write Enable 

0 

Write Mask 


An example of the write-per-bit function illustrating its application to displays is shown in 
Figures 2 and 3. 
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Figure 2. Write-per-bit timing cycle 
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Figure 3. Corresponding bit-map 
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LOAD COLOR REGISTER/READ COLOR REGISTER 

The TC524258BJ/BZ is provided with an on-chip 4-bits register (color register) for use during 
the flash write or block write operation. Each bit of the color register corresponds to one of the 
DRAM I/O blocks. The load color register cycle is initiated by holding CAS, WB / WE', DT/OE 
and DSF “high” at the falling edge of RAS. The data presented on the Wi/IOi lines is 
subsequently latched into the color register at the falling edge of either CAS or WB/WE, 
whichever occurs last. The data stored in the color register can be read out by performing a read 
color register cycle. This cycle is activated by holding CAS, WB/WE, DT/UE and DSF “high" at 
the falling edge of RAS and by holding WB/WE “high”at the falling edge of CAS and throughout 
the remainder of the cycle. The data in the color register becomes valid on the Wj/IOi lines after 
the specified access times from RAS and DT/OE are satisfied. During the load/read color register 
cycle, valid Ao~A8 row addresses are not required, but the memory cells on the row address 
latched at the falling edge of RAS are refreshed. 

FLASH WRITE 

Flash write is a special RAM port write operation which in a single RAS cycle, allows for the 
data in the color register to be written into all the memory locations of a selected row. Bach bit 
of the color register corresponds to one of the DRAM I/O blocks and the flash write operation can 
be selectively controlled on an I/O basis in the same manner as the write-per-bit operation. 

A flash write cycle is performed by holding CAS “high”, WB / WE “low” and DSF “high” at the 
falling edge of RAS. The mask data must also be provided on the Wi/IOi lines at the falling edge 
of RAS in order to enable the flash write operation for selected I/O blocks (Refer to Figure 4 and 5). 

Flash write is most effective for fast plane clear operations in frame buffer applications. 

Selected planes can be cleared by performing 512 flash write cycle and by specifying a different 
row address location during each flash write cycle (Refer to Figure 6). Assuming a cycle time of 
180ns, a plane clear operation can be completed in less than 92.2 pseconds. 



WIVU H; Write 

L: Write Inhibit 

Figure 4. Flash Write Timing Figure 5. Flash Write 
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Figure 6. Plane clear application example 

B LOCK WRIT E 

Block write is also a special RAM port write operation which, in a single RAS cycle, allows for 
the data in the color register to be written into 4 consecutive column address locations starting 
from a selected column address in a selected row. The block write operation can be selectively 
controlled on an I/O basis and a column mask capability is also available. 

A block write cycle is performed by holding CAS, DT/OE “high” and DSF “low” at the falling 
edge of RAS and by holding DSF “high” at the falling edge of CAS. The state of the WB/WE 
input at the falling edge of RAS determines whether or not the I/O data mask is enabled (WB/WE 
must be “low ” to enable the I/O data mask or “high” to disable it). At the falling edge of RAS, 
a valid row address and VO mask data are also specified. At the falling edge of CAS, the starling 
column address location and column mask data must be provided. During a block write cycle, the 
2 least significant column address locations (AOC and AlC) are internally controlled and only the 
seven most significant column addresses (A 2 C~A 8 C) are latched at the falling edge of CAS. 

(Refer to Figure 7). 

An example of the block write function is shown in Figure 8 with a data mask on Wi/IOj, 
W 4 /IO 4 and column 2. Block write is most effective for window clear and fill operation in frame 
buffer applications, as shown in the examples in Figure 9. 



Figure 7. Block Write Timing 
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Figure 8. Example of Block Write Operation 
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Figure 9. Examples of Block Write Application 
FAST PAGE MODE BLOCK WRITE CYCLE 


Fast page mode block write can be used to perform high speed clear and fill operations. 

The cycle is initiated by holding the DSF signal “low” at the falling edge of RAS and a fast page 
mode block write is performed during each subsequent CAS cycle with DSF held “high” at the 
falling edge of CaS. 

If the DSF signal is “low” at the falling edge of CAS, a normal fast page mode read/write 
operation will occur. Therefore a combinatioxi of block write and read/write operations can be 
performed during a fast page mode block write cycle. Refer to the example shown in Figure 10. 



Block Write Cycle Read/Write Cycle Block Write Cycle 


Figure 10. Fast Page Mode Block Write Cycle 


C-174 

















TC524258BJ/BZ-80, TC524258BJ/BZ-10 


S AM PORT OPERATION 

The TC524258BJ / BZ is provided with a 512 words by 4 bits serial access memory (SAM) which 
can be operated in the single register mode or the split register mode. 


SINGLE REGISTER MODE 

Wlien operating in the single register mode, high speed serial read or write operations can be 
performed through the SAM port independent of the RAM port operations, except during 
read / write / pseudo-write transfer cycles. The preceding transfer operation determines the direction 

of data flow through the SAM port. If the preceding transfer operation is a read transfer, the 

SAM port is in the output mode. If the preceding transfer operation is a write or pseudo write 
transfer, the SAM port is in the input mode. The pseudo write transfer operation only switches 
the SAM port from output mode to input mode; Data is not transferred from SAM to RAM. 

Serial data can be read out of the SAM port after a read transfer (RAM-»SAM) has been 
performed. The data is shifted out of the SAM port starting at any of the 512 bits locations. 

The TAP location corresponds to the column address selected at the falling edge of CAS during the 
read transfer cycle. The SAM registers are configured as circular data registers. The data is 

shifted out sequentially starting from the selected tap location to the most significant bit and then 

wraps around to the least significant bit, as illustrated below. 

Start address : Tap location 



n 

n 

HHHHI 


n 




EB 

y 

H 

y 



3 



Subsequent real-time read transfer may be performed on-the-fly as many times as desired, 
within the refresh constraints of the DRAM array. Simultaneous serial read operation can be 
performed with some timing restrictions. A pseudo write transfer cycle is performed to change the 
SAM port from output mode to input mode in order to write data into the serial registers through 
the SAM port. A write transfer cycle must be used subsequently to load the SAM data into the 
RAM row selected by the row address at the falling edge of HAS. The starting location in the 
SAM registers for the next serial write is selected by the column address at the falling edge of 
CAS. The truth table fcr single register mode SAM operation is shown in Table 4. 
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Table 4. Truth Table for SAM Port Operation 


SAM PORT 

OPERATION 

DT/OE at the 

falling edge of RAS 

SC 

SE 

FUNCTION 

Preceded by a 



_rL 

L 

Enable Serial Read 

Read Transfer 

Serial Output Mode 


H 

Disable Serial Read 



_rL 

L 

Enable Serial Write 

Write Transfer 

Serial Input Mode 

H 

H 

Disable Serial Write 



JT. 

L 

Enable Serial Write 

Pseudo Write Transfer 

Serial Input Mode 


H 

Disable Serial Write 


SPLIT REGISTER MODS 

In split register mode, data can be shifted into or out of one half of the SAM while a split 
read or split write transfer is being performed on the other half of the SAM. A normal (Non-split) 
read/write/pseudo write transfer operation must precede any split read/write transfer operation. 
The non-split read, write and pseudo write transfer will set the SAM port into output mode or 
input mode. The split read and write transfers will not change the SAM port mode set by 
preceding normal transfer operation. RAM port operation may be performed independently except 
during split transfers. In the split register mode, serial data can be shifted in or out of one of the 
split SAM registers starting from any at the 256 tap locations, excluding the last address of each 
split SAM, data is shifted in or out sequentially starting from the selected tap location to the most 
significant bit (255 or 511) of the first split SAM and then the SAM pointer moves to the tap 
location selected for the second split SAM to shift data in or out sequentially starting from this tap 
location to the most significant bit (511 or 255) and finally wraps around to the least significant 
bit, as illustrated in the example below. 


Tap location Tap location 
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REFRESH 

The SAM data registers are static flip-flop, therefore a refresh is not required. 
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DATA TRANSFER OPERATION 

The TC524258BJ/BZ features two types of internal bidirectional data transfer capability 
between RAM and the SAM, as shown in Figure 11. During a normal (Non-split) transfer, 
512 words by 4 bits of data can be loaded from RAM to SAM (Read Transfer) or from SAM to RAM 
(Write Transfer). During a split transfer, 256 words by 4 bits of data can be loaded from the 
lower/upper half of the RAM into the lower/upper half of the SAM (Split Read Transfer) or from 
the lower/upper half of the SAM into the lower/upper half of the RAM (Split Write Transfer). 
The normal transfer and split transfer modes are controlled by the DSF special function input 
signal . 


512 columns 


256 columns 256 columns 


512 

rows 




512x256x4 

512x256x4 

512x512x4 

512 

Memory 

Memory 

Memory Cell Array 

rows 

\ 

Cell Array 

Cell Array 




0 0 



Figure 11. (a) Normal (Non-split) Transfer (b) Split Transfer 


As shown in Table 5, the TC524258BJ/BZ supports five types of transfer operations; Read 
transfer. Split read transfer. Write transfer. Split write transfer and Pseudo write transfer. Data 
transfer operations between RAM and SAM are invoked by holding the DT/OE signal “low” at the 
falling edge of RAS. The type of data transfer operation is determined by the state of CAS, 
WB/WE, SE and DSF latched at the falling edge of RAE. During normal (Non-split) data transfer 
operations, the SAM port is switched from input to output mode (Read transfer) or output to input 
mode (Write transfer / Pseudo write transfer) whereas it remains unchanged during split transfer 
operations (Split read or split write transfers). During a data transfer cycle, the row address 
Aq—As select one of the 512 rows of the memory array to or from which data will be transferred 
and the column address Ao~A8 select one of the tap locations in the serial register. The selected 
tap location is the start position in the SAM port from which the first serial data will be read out 
during the subsequent serial read cycle or the start position in the SAM port into which the first 
serial data will be written during the subsequent serial write cycle. During split data transfer 
cycles, the most significant column address (A8C) is controlled internally to determine which half 
of the serial register will be reloaded from the RAM array. 



C-177 









rC5242585J/BZ-80, TC324258BJ/5Z-10 


Table 5. Transfer Modes 


at the falling edge of RA5 

Transfer Mode 

Transfer Direction 

Transfer Bit 

SAM Port Mode 

CAS 

DT/OE 

WB/WE 

m 

DSF 

H 

m 


D 

L 

Read Transfer 

RAM -> SAM 

512x4 

Input -> Output 

H 

■ 

HI 

B 

U 

Write Transfer 

SAM -> RAM 

512x4 

Output Input 

H 

B 

n 


L 

Pseudo Write Transfer 

- 

- 

Output -» Input 

H 

n 

H 

* 

H 

Split Read Transfer 

RAM -> SAM 

256x4 

Not changed 

H 

B 

L 

‘ 

H 

Split Write Transfer 

SAM -> RAM 

256x4 

Not changed 


♦ : "11” or “L" 

READ TRANSFER CYCLE 


A read transfer consists of loading a selected row of data from the RAM array into the SAM 
register. A read transfer is invoked by holding CAS “high”, DT/OE “low” WB/WE “high” and 
DSF “low” at the falling edge of RAS. The row address selected at the falling edge of RAS 
determines the RAM row to be transferred into the SAM. The transfer cycle is completed at the 
rising edge of DT/OE. When the transfer is completed, the SAM port is set into the output mode. 
In a read/real time read transfer cycle, the transfer of a new row of data is completed at the 
rising edge of DT/CE and this data becomes valid on the SIO lines after the specified access time 
teCA from the rising edge of the subsequent serial clock (SC) cycle. The start address of the serial 
pointer of the SAM is determined by the column address selected at the falling edge of CaS. 

Figure 12 shows the operation block diagram for read transfer operation. 




—Q SIOi~4 

[=C> 

Serial Read 


Selected Row 


Figure 12. Block Diagram for Read Transfer Operation 


In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be 
held at a constant Vil or Vih, after the SC high time has been satisfied. A rising edge of the SC 
clock must not occur until after the specified delay tTSU from the rising edge of DT/CE, as shown 
in Figure 13. 
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Figure 13. Read Transfer Timing 

In a real time read transfer cycle (which is preceded by another read transfer cycle), the 
previous row data appears on the SIO lines until the DT/OE signal goes “high” and the serial 
access time tscA foi‘ the following serial clock is satisfied. This feature allows for the first bit of 
the new row of data to appear on the serial output as soon as the last bit of the previous row has 
been strobed without any timing loss. To make this continuous data flow possible, the rising edge 
of 1)17 OE must be synchronized with RAS, UKB and the subsequent rising edge of SC (tin'lli tern, 
and t'rSL/tTSD must be satisfied), as shown in Figure 14. 

The timing restriction tTSL/t'rSD are 5ns min/15ns min. The split read transfer mode eliminates 
these timing restrictions. 
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milTE TRANSFER CYCLE 

A write transfer cycle consist of loading the content of the SAM register into a selected row Of 
the RAM array. If the SAM data to be transferred must first be loaded through the SAM port, a 
pseudo write transfer operation must precede the write transfer cycles. However, if the SAM port 
data to be transferred into the RAM was previously loaded into the SAM via a read transfer, the 
SAM to RAM transfer can be executed simply by performing a write transfer directly. A write 
transfer is invoked by holding CAS “high”, DT/QE “low”, WB/WE “low”, SE “low” and DSF “low” 
at the falling edge of RAS. This write transfer is selectively controlled per RAM I/O block by 
setting the mask data on the Wi/IOi lines at the falling edge of RAS (same as in the write-per-bit 
operation). Figure 15 and 16 show the timing diagram and block diagram for write transfer 
operations, respectively. 

RAS 
CAS 
Ao~A8 
WB/WC 

ST'/cJf 

Wi/IO,~W4/l04 
SE 
SC 

5I0i~SI04 
DSF 

Figure 15. Write Transfer Timing 

The row address selected at the falling edge of RAS determines the RAM row address into 
which the data will be transferred. The column address selected at the falling edge of CAS 
determines the start address of the serial pointer of the SAM. After the write transfer is 
completed, the SIO lines are set in the input mode so that serial data synchronized with the SC 
clock can be loaded. 
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Figure 16. Block Diagram for Write Transfer Operation 


When consecutive write transfer operations are performed, new data must not be written into 
the serial register until the RAS cycle of the preceding write transfer is completed. Consequently, 
the SC clock must be held at a constant Vil or Vm during the RAS cycle. A rising edge of the 
SC clock is only allowed after the specified delay tSRD from the rising edge of RAS, at which time 
a new rov/ of data can be written in the serial register. 

FSEUDO WRITE TRANSFER CYCLE 

A pseudo write transfer cycle must be performed before loading data into the serial register 
after a read transfer operation has been executed. The only purpose of a pseudo write transfer is 
to change the SAM port mode from output mode to input mode (A data transfer from SAM to RAM 
does not occur). After the serial register is loaded with new data, a write transfer cycle must be 
performed to transfer the data from SAM to RAM. A pseudo write transfer is invoked by holding 
CAS “high”, DT/OE “low”, WB/WE “low”, SE “high" and DSF “low” at the falling edge of RAS. 
The timing conditions are the same as the one for the write transfer cycle except for the state of 
SE at the falling edge of RAS. 

SPLIT DATA TRANSFER AND OSF 

The TC524258BJ / BZ features a bi-directional split data transfer capability between the RAM 
and the SAM. During split data transfer operation, the serial register is split into two halves 
which can be controlled independently. Split read or split write transfer operations can be 
performed to or from one half of the serial register while serial data can be shifted into or out of 
the other half of the serial register, as shown in Figure 17. The most significant column address 
location (A8C) is controlled internally to determines which half of the serial register will be 
reloaded from the RAM array. QSF is an output in which indicates which half of the serial 
register is in an active state. QSF changes state when the last SC clock is applied to active split 
SAM, as shown in Figure 18. 
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256 columns 256 columns 



Active SAM 

QSF Level 

lower SAM 

"Low" 

upper SAM 

"High" 


Active Non-Active 

Figure 17. Split Register Mode 


SC 

QSF 

iower SAM ; Active upper SAM : Active lower SAM : Active 

Figure 18. QSF Output State During Split Register Mode 



S PLIT READ TRANSFER CYCLE 

A split read transfer consists of loading 256 words by 4 bits of data from a selected row of the 
split RAM array into the corresponding non-active split SAM register. 

Serial data can be shifted out of the other half of the split SAM register simultaneously. The 
block diagram and timing diagram for split read transfer mode are shown in Figure 19 and 20, 
respectively. During split read transfer operation, the RAM port input clocks do not have to be 
synchronized with the serial clock SC, thus eliminating timing restrictions as in the case of 
on-the-fly read transfers. A split read transfer can be performed after a delay of tsTS> from the 
change of state of the QSF output, is satisfied. 

256x4 


SIO 

Figure 19. Block Diagram for Split Read Transfer 
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SPLIT WRITE TRANSFER CYCLE 

A split write transfer consists of loading 256 words by 4 bits of data from the non-active split 
SAM register into a selected row of the corresponding split RAM array. 

Serial data can be shifted into the other half of the split SAM register simultaneously. The 
block diagram and timing diagram for split write transfer mode are shown in Figure 22 and 23, 
respectively. During split write transfer operation, the RAM port input clocks do not have to be 
synchronized with the serial clock SC, thus allowing for real time transfer. A split write transfer 
can be performed after a delay of tsTSi from the change of state of the QSF output, is satisfied. 



SIO 


Figure 22. Block Diagram for Split Write Transfer 



Figure 23. Timing Diagram for Split Write Transfer 
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A pseudo write transfer operation must precede split transfer cycles as shown in the example 
in Figure 24. The purpose of the pseudo write transfer operation is to switch the SAM port from 
output mode to iitput mode and to set the initial tap location prior to split write transler 
operations. 



SPLTT-REGfSTER OPERATION SEQUENCE (EXAMPLE) 

Split read/write transfers must be preceded by a normal (Non-split) transfer such as a read, 
write or pseudo write transfer. Figure 25 illustrates an e.xample of split register operation 
sequence after device power-up and initialization. After power-up, a minimum of 8 RAS and 8 SC 
clock cycles must be performed to properly initialize the device. A read transfer is then performed 
and the column address latched at the falling edge of CAS sets the SAM tap pointer location which 
up to that point was in an undefined location. Subsequently, the pointer address is incremented 
by cyclijig the serial clock SC from the starting location to the last location in the register (address 
511) and wraps ai-ound to the tap location set by the split read transfer performed for the lower 
SAM while the upper SAM is being accessed. The SAM address is incremented as long as SC is 
clocked. The following split read transfer sets a new tap location in the upper split SAM register 
address 256 in this example and the pointer is incremented from this location by cycling the SC 
clock. 
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Figure 25. Exan'iple of Spiiit SAM Register Operation Seguence 


Tile next cpcraticn is a pseudo write transfer which switches the SAM port from output mode to 
injnii mode in preparation for cither write transfers or split write transfers. 'rhe column arldi-ess 
latched at the falling edge of CA^S during the pseudo write transfer sets the serial register tap 
location. Serial data will be written into the SAM starting from this location. 

^I'P.hNSFRR OPERATION WITHOLT CAS 

During all transfer cycles, the CAS input clock must be cycled, so that the column address are 
latched at the falling edge of CAS, to set the SAM tap location. If CAS was maintained at a 
constant “high” level during a transfer cycle, the SAM pointer location would be undefined. 
Tliere-''Gre a transfer cycle with CAS held ‘‘high” is not allowed (Refer to the illustration below). 
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Address Rov-/ SAM St nrt 


Address Row 


T AP LOCATION SELECTION IN vSPLIT TRANSFER OPF.;RA'riON 

(a) In a split transfer operation, column addresses AOC through A7C must be latched at the 
falling edge of CAS in order to set the tap location in one of the split SAM registers. During 
a split transfer, column address A8C is controlled internally and therefore it is ignored 
internally at the falling edge of CAS. 


Addresses R ow Tap address 

1 t 

A0R~A8R A0C~A7C (A8C is don't care:High or Low) 

During a split transfer, it is not allowed to set the last address location (A0C~A7C = FF), in 
either the lower SAM or the upper SAM, as the tap location. 

(b) In the case of multiple split transfers perfoianed into the same split SAM register, the tap 
location specified during the last split transfer, before QSF toggles, will prevail. In the 
example shown below, multiple split transfers are performed into the upper SAM (Non-active) 
while the lower SAM (active) is being accessed at the time when QSF toggles, the first SC 
serial clocic will start shifting serial data starting from the Tap N address location. 


- (Rov.' 1 Alap 1, 


lower SAM : Active 
upper SAM ; Non-active 


(Row NAlap Nr 


/ _ f. lower SAM ; Non-active 

I Last First upper SAM: Active 
\ Clock Clock 


sc .jnJTJT.......,,.JnM1JDDMirLJTJlJ“ 


Multiple Split transfer Into upper SAM 
Serial access of lower SAM 


Serial access of upper SAM 
starting at Tap N location 
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SPLIT READ/WRITE TPvANSFER OPERAI'ION ALLOWABLE PERIOD 


Figure 26 illustrates the relationship between the serial clock SC and the special function 
output QSF duriiig split read/write transfers and higlih’idits tlic time periods where split ti'ansfers 
are allowed, relative to SC and QSF. 


SC 

QSF 


Split 

ReadA/Vrite 

Transfer 

allov;ed, 


Last First 

Clock Clock 


Last First 
Clock Clock 


Last First 

Clock Clock 



Figure 26. Split Transfer Operation Allowable Periods 

As indicated in Figure 26. a split read/write transfer is not allowed during the period of 
tb'l'il T- tSTS- 


SPLIT TRANSFER CYCLE AFTER NORMAL TRANSFER CYCLE 

A split transfer may be performed following a normal transfer (Read / Write / Pseudo-write 
transfer) provided that a minimum delay of 30ns from the rising edge of the first clock SC is 
satisfied (Refer to the illustration shown below). 


HAS 

CAS 

DT/OE 

DSF_ 

QSF 

SC 




Transfer Operation 


^_ r 


_FL.TLnj'TrLrLn. 


130nsl 


Next Transfer 


Not Allowed 


Next Transfer Operation is allowed. 
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NORMAL READ TRANSFER CYCLE AFfER NORMAL READ TRANSFER CYCLE 

Another read transfer may be performed following the read transfer provided that a minimum 
delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown 
below). 



NORMAL TRANSFER AFTER SPLIT TRANSFER 

A normal transfer (read/write/pseudo write) may be performed following split transfer 
operation provided that a 30ns minimun delay is satisfied after the QSF signal toggles. 



r 

L 
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FOWER-IJP 

Power must be applied to the RAS and DT/?)E input signals to pull them “high” before or at 
the same time as the Vcc supply is turned on. After power-up, a pause of 200 pseconds minimum 
is required with HS5 and DT/QE held “high". After the pause, a minimum of 8 RAS and 8 SC 
dummy cycles must be performed to stabilize the internal circuitry, before valid read, write or 
transfer operations can begin. During the initialization period, the Wl'/OK signal must be held 
“high”. If the internal refresh counter is used, a minimum 8 CAS-before-RAS initialization cycles 
are required instead of 8 R'AS cycles. 

INITIAL STATE AFTER POWER-UP 

When power is achieved with RAS, CAS, DT/OE and WB/WE held “high”, the internal state 
of the TC524258BJ/BZ is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input 
signal levels. Therefore, it is recommended that the initial state be set after the initialization of 
the device is performed (200 pseconds pause followed by a minimum of 8 RAS cycles and 8 SC 
cycles) and before valid operations begin. 



State after power-up 

SAM port 

Input Mode 

QSF 

High- Impedance 

Color Register 

all "0" 

WM1 Register 

Write Enable 

TAP pointer 

Invalid 
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262, 144W0RDSX4BITS MULTIPORT DRAM 
DESCRIPTION 


PRELIMINARY 


The TC524259BJ/BZ is a CMOS multiport memory equipped with a262,144-words by 4-bits dynamic random 
access memory (RAM) port and a 512-woids by 4-bits static serial access memory (SAM) port. The 
'l'C524259BJ/BZ supports three types of operations: random access to and from the RiAM port, high speed 
serial access to and from the SAM port and bidirectional transfer of data between any selected row in the RAM 
port and the S.AM port. Tlje RAM port and the SAM port can be accessed independently except when data is 
being transferred between.them internally. In addition to the conventional multiport video RAM operating 
inodes, the TC524259BJ/BZ features the block write and flash write functions on the RAM port and a split 
register data transfer capability on the SAM port. The TC524259BJ/BZ is fabricated using Tbshiba’s CMOS 
silicon gate process as well as advanced circuit designs to provide low power dissipation and wide operating 
margins. 


FEATURES 



TC524259BJ/BZ | 


-80 

-10 

tRAf RAS Access Time (Max.) 

80ns 

100ns 

IcAC CAS Access Time (Max.) 

25ns 

25ns 

tAA Column Address Access Time (Max.) 

45ns 

50ns 

tRc Cycle Time (Min.) 

ISOns 

180ns 

tpc Page Mode Cycle Time (Min.) 

50ns 

55ns 

iscA Serial Access Time (Max.) 

25ns 

25ns 

tsec Serial Cycle time (Min.) 

30ns 

30ns 

Icci RAM Operating Current 
(SAM; Standby) 

BSmA 

70mA 

kc 2 A 5AM Operating Current 
(RAM : Standby) 

50mA 

50mA 

Irr? Standby Current 

10mA 

10mA 


• Single power supply of 5V±10% with a built-in 
VpB generator 

• All inputs and outputs : TTL Compatible 


• Organization 

RAM Port : 262,144wordsX4bits 
SAM Port : 512wordsX4bits 

• RAM Port 

Fast Page Mode . Read-Modify-Write 
CAS before RAS Refresh , Hidden Refresh 
RAS only Refresh, Write per Bit 1&2 
Block Write , Block Write (Mask 1&.2) 

512 refresh cycles/Sins 

• SAM Port 

High Speed Serial Read/Write Capability 
512 Locations 
Fully Static Register 

• RAM - SAM Bidirectional Transfer 

Read/Write/Pseudo Write Transfer 
Real Time Read Transfer 
Split Read Transfer 

TC524259BJ : SOJ28-P-400 
TC524259BZ : ZIP28-F-400 


PIN NAME 


DT/OE 

WB/Wl' _ 

DSF _ 

W1/101 ~W4/I04 
SC_ 

_ 

SI01~SI04 

QSF _ 

■Xcc/y ss. 

N. C. 


Address inputs _ 

Row Address Strobe _ 

Column Address Strobe _ 

Data Transfer/Output Enable 
Write per Bit/Write Enable 

Special Func t iorr Contro l_ 

Write Mask/Data IN , OUT 

Serial Clock __ 

Seri al Enable __ 

Serial Input/Output _ 

Special Flag Output _ 

Power (5V)/Ground _ 

No Connection 


PIN CONNECTION 

TC524259BJ 


SC [ 

1 

28 

5101 [ 

2 

27 

SI02 [ 

3 

26 

DT/OE [ 

4 

25 

W1/I01 [ 

5 

24 

W2/I02 [ 

6 

23 

WB/WE 1 

7 

22 

NC C 

8 

21 

RAS [ 

9 

20 

A8 [ 

10 

19 

A6 [ 

11 

18 

A5 [ 

12 

17 

A4 [ 

13 

16 

Vec [ 

14 

15 


28Pin 400mil SOJ 
JEDEC Standard 


DSF 

W4/I04 

SI03 

Vss 

SI01 

mim 

W2/I02 

NC 

A8 

AS 

Vec 

A3 

A1 

QSF 


TC524259BZ 



W3/I03 

SE 

SI04 

SC 

SI02 

Wl/IOl 

^/WE 

RA? 

A6 

A4 

A7 

A2 

AO 

CAS 


28Pin 400mil height ZIP 


JEDEC Standard 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

NOTE 

V|N- YquT 

Input Output Voltage 

o 

o 

I 

V 

1 

Vcc 

Power Supply Voltage 

- 1.0~7.0 

V 

1 

Yopr 

Operating Temperature 

0~70 

°C 

IHDHii 

Ystg 

Storage Temperature 

-55-150 

°C 

■■■ 

Tsoloik 

Soldering ToiiiporaLure • Time 

200'10 

'C-sec 


Pd 

Pov.rer Dissipation 

1 

W 

■mi 

loUT 

Short Circuit Output Current 

50 

mA 

sjimi' 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 


CAPACITANCE (Vcc = 5V, f=lMHz, Ta=25°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C| 

Input Capacitance 

- 

7 

PP 

Cio 

Input/Output Capacitance 

_ 

9 

Co 

Output Capacitance (QSF) 

- 

9 


Note : This parameter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0~70°C) 


TC5242598J/BZ-80 I TCS24259BJ/BZ-10 


ITEM (RAM PORT) 


OPERATING CURRENT 

ITa?, CA? Cycling 
tRC = tRC niin. 


STANDBY CURRENT 

(RAS, CAS = V|h) 


RAS ONLY REFRESH CURRENT 

RAS Cycling, CAS = V|h 
^RC = ^RC niin. 


PAGE MODE CURRENT 

RAS = V|l, CAS Cycling 
^PC ” ^PC niin. 


CA? BEFORE RAS REFRESH CURRENT 

RAS Cycling, CAS Before RAS 
tRc = tRc min. 


DATA TRANSFER CURRENT 
RA5‘, CAS Cycling 
tRC = tRC min. 


BLOCK WRITE CURRENT 

RAS, CAS Cycling 
tRC = tRC min. 


SAM PORT SYMBOL 


Standby Icci 


Active icciA 


Standby Icc2 


Active lcC2A 


Standby Icca 


Active lcc 3 A 


Standby Icc 4 


Active lcC4A 


Standby Ices 


Active IccsA 


Standby Icce 


Active IcCBA 


Standby Icce 


Active IccBA 


MIN. MAX. MIN. MAX. 


■ 


ITEM 

SYMBOL 

INPUT LEAKAGE CURRENT 

OVSVifjSe.SV, All other pins not under test = 0V 

'KL) 

OUTPUT LEAKAGE CURRENT 

0VS.VouT“5.5\/, Output Disable 

'O(L) 

OUTPUT "H" LEVEL VOLTAGE 
louT= ~ 2mA 

VoH 

OUTPUT "L" LEVEL VOLTAGE 
louT = 2mA 

VoL 

OUTPUT "L" LEVEL VOLTAGE (QSF) 
iouT = 6mA 

VoL (QSF) 


MIN. MAX 


-10 10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 

(Vcc = ^V±10%, Ta = 0~70‘’C)(Notes: 5, 6, 7) 



PARAMETER 

I TC524259BJ/BZ-80 

MIN. 

MAX. 

Uc 

Random Read or Write Cycle Time 

150 


tRMW 

Read-Modify-Write Cycle Time 

195 


ipc 

Fast Page Mode Cycle Time 

50 


tpRMW 

Fast Page Mode Read-Modify-Write Cycle 

Time 

90 


^RAC 

Access Time from RAS 


80 

tAA 

Access Time from Column Address 


45 

tCAC 

Access Time from CAS 


25 

tCPA 

Access Time from CAS Precharge 


45 

lOFI' 

Output Buffer Turn-Off Delay 

0 

20 

u 

Transition Time (Rise and Fall) 

3 

35 

Irp 

RAS Precharge Time 

60 


^RAS 

RAS Pulse Width 

80 

10000 

tRASP 

RAS Pulse Width (Fast Pago Mode Only) 

80 

100000 

tRSH 

RA5 Hold Time 

25 


tcSH 

Ca 3 Hold Time 

80 

miH 

t-CAS 

CA? Pulse Width 

25 

10000 

^RCD 

RA5 to 'Ca? Delay Time 

20 

55 

tRAD 

Ia? to Column Address Delay Time 

15 

35 

Iral 

Column Address to Lead Time 

45 


tCRP 

CAS to Precharge Time 

10 


kPN 

CaS Precharge Time 

10 


kp 

CAS Precharge Time (Fast Page Mode) 

10 


USR 

Row Address Set-Up Time 

0 


tRAH 

Row Address Hold Time 

10 


Use 

Column Address Set-Up Time 

0 


tCAH 

Column Address Hold Time 

15 


Ur 

Column Address Hold Time referenced to RAS 

55 


kes 

Read Command Set-Up Time 

0 


UCH 

Read Command Hold Time 

0 


tRRH 

Read Command Hold Time referenced to 

0 


twCH 

Write Command Hold Time 

15 


twCR 

Write Command Hold Time referenced to RAS 

55 


twp 

Write Command Pulse Width 

15 


tRWL 

Write Command to Lead Time 

20 

■■III 

teWL 

Write Command to CAS Lead Time 

20 



TC524259BJ/BZ-10 
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TC5242S9BJ/BZ-80 

TC524259BJ/BZr10 | 

I MIN. 

MAX. 

MIN. 

MAX. 1 



Data Set-Up Time 


Data Hold Time 


Data Hold Time referenced to RAS 


Write Command Set-Up Time 


R'a 5 to WE Delay Time 


Column Address to WE Delay Time 


CAS to WE Delay Time 


Data to CAS Delay Time 


Data to Ol Delay Time 


Access Time from OE 


Output Buffer Turn-off Delay from OE 


OE to Data Delay Time 


OE Command Hold Time 


RAS Hold Time referenced to OE 


CAS Set-Up Time for CAS Before RAS Cycle 


CAS Hold Time for CAS Before RAS Cycle 


RAS Precharge to CAS Active Time 


Refresh Period 


Wb Set-Up Time 


WB Hold Time 


DSF Set- UP Time referenced to RAS 


DSF Hold Time referenced to 'RAS(I) 


DSF Hold Time referenced to RAS (2) 


DSF Set-Up Time referenced to CAS 


DSF Hold Time referenced to CAS 


Write - Per - Bit Mask Data Set-Up Time 


Write - Per - Bit Mask Data Hold Time 


DT High Set-Up Time 


DT High Hold Time 


DT Low Set - Up Time 


DT Low Hold Time 


DT Low Hold Time referenced to RA? 
(Real Time Read Transfer) 


DT Low Hold Time referenced to Column 
Address (Real Time Read Transfer) 


DT Low Hold Time referenced to CAS 
(Real Time Read Transfer) 
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TC524259BJ/BZ-80 TC524259BJ/BZ-10 


SE Set-Up Time referenced to RAS 


SE Hold Time referenced to RAS 


DT to RAS Precharge Time 


DT Precharge Time 


RAS to First SC Delay Time (Read Transfer) 


Column Address to First SC Delay Time 
(Read Transfer) 


CAS to First SC Delay Time (Read Transfer) 


Last SC to DT Load Time 
(Real Time Read Transfer) 


DT to First SC Delay Time (Read Transfer) 


Last SC to RAS Set-Up Time (Serial Input) 


RAS to First SC Delay Time (Serial Input) 


RAS to Serial’ Input Delay Time 


Serial Output Buffer Turn-off Delay from RAS 
(Pseudo Write Transfer) 


SC Cycle Time 


SC Pulse Width (SC High Time) 


SC Precharge Time (SC Low Time) 


Access Time from SC 


Serial Output Hold Time from SC 


Serial Input Set-Up Time 


Serial Input Hold Time 


Access Time from S? 


SE Pulse Width 


SE Precharge Time 


Serial Output Buffer Turn-off Delay from SE 


Serial Input to SE Delay Time 


Serial Input to First SC Delay Time 


Serial Write Enable Set-Up Time 


Serial Write Enable Hold Time 


Serial Write Disable Set-Up Time 


Serial Write Disable Hold Time 


Split Transfer Set-Up Time 


Split Transfer Hold Time 


SC- QSF Delay Time 
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NOTES : 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. 

2. All voltage are referenced to Vss- 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained v/ith the 
output open. 

G. An initial pause of 200ps is required after power-up followed by any 8 EAS cycles (ET/OE 
“high”) and any 8 SC cycles before proper device operation is achieved. In case of using 
internal refresh counter, a minimum of 8 CaS before RAS initialization cycles instead of 8 
RAS cycles are required. 

6. AC measurements assume t'r = 5ns. 

7. VuKniin.) and ViL(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vig. 

8. RAM port outputs are measured with a load equivalent to 1 ITL load and lOOpF. 

Dqut reference levels : Voh/Vol = 2.0V/0.8V. 

9. SAM port outputs are measured with a load equivalent to 1 TTL load and 30pF. 

Dqut reference levels : Von/VoL = 2.0V/0.8V. 

10. tof'F(max.). toEZ(max.). tsDZCmax.) and tsEZ(max.) define the time at which the outputs 
achieve the open circuit condition and are not referenced to output voltage levels. 

11. Either tRCIl or tRRn must be satisfied for a read cycles. 

12. These parameters are referenced to CAS leading edge of early write cycles and to WB/WE 
leading edge in OE-controlled-write cycles and read-modify-write cycles. 

13. t\vcs. tRWD. tewD and tAWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twCS—twCSCmin.), the cycle is an 
early write cycles and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; If tRWDStRWDtmin.), tcWDStcWDCmin.) and tAWD^ tAWD (min.) 
the cycle is a read-modify-write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 

14. Operation within the tRCDCmax.) limit insures that tRAC(max.) can be met. 

tRCD (max.) is Specified as a reference point only : If tRCD is greater than the specified 
tRCD(max.) limit, then access time is controlled by tCAC- 

15. Operation within the tRAD(max.) limit insures that tRAC(max.) can be met. tRAD(max.) is 
specified as a reference point only; If tRAD is greater than the specified tRAD (max.) limit, 
then access time is controlled by tAA- 

16. This parameter measurement assumes Pull up resister = 82011. 
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TIMING WAVEFORM 


READ CYCLE 
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READ - MODIPT - WRITE CYCLE 



WM1 data: 0: Write Disable 
1 : Write Enable 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE' 
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FAST PAGE MOPE RE AD ■ MODIFY - WRITE CYCLE 



WM1 data: 0: Write Disable 
1 : Write Enable 
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LOAD COLOR REGISTER CYCLE 
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BLOCK WRITE CYCLE 



OUT -OPEN 

VQl — 


*1 WB/WE 

*2 DSF 

*3 W1/I01 ~ W4/104 

Cycle 

0 

0 

WMI data 

Block Write (Mask 1) (New Mask Mode) 

1 

Don't Care 

Block Write (Mask 2) (Old Mask Mode) 

1 

0 

Don't Care 

Block Write (No Mask Mode) 


WMI data: 0: Write Disable 
1 : Write Enable 


M) COLUMN SELECT 

W1/I01 — Column 0 (A1C = 0, A0C = 0) 
W2/I02 — Column 1 (A1C = 0, A0C= 1) 
W3/103 — Column2 (A1C= 1, A0C = 0) 
W4/I04 — Columns (A1C= 1, A0C= 1) 


Wn/IOn 

= 0 : Disable 
= 1 : Enable 










I L/0^4^0^DJ/D^-OU, I U0^4^0»DJ/D^- I U 



*4) COLUMN SELECT 

^ Wn/IOn 
> = 0 : Disable 

J = 1 : Enable 


Wl/iOl - Column 0(A1C = 0, AOC = 0) 

W2/I02 - Column 1 (AlC = 0, AOC = 1) 

W3/I03 - Column 2(AlC = 1, AOC = 0) 

W4/104 - Column 3 (AlC = 1, AOC = 1) 
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S PLIT READ TRANSFER CYCLE 
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PIN FUNCTION 

ADDRESS INPUTS : An ~ An 

The 18 address bits required to decode 4 bits of the 1,048,576 cell locations within the dynamic 
RAM memory array of the TC524259BJ/BZ are multiplexed onto 9 address input pins (Ao~A8). 
Nine row address bits are latched on the falling edge of the row address strobe (RA§) and the 
following nine column address bits are latched on the falling edge of the column address strobe 

rcAg). 

ROW ADDRESS STROBE : 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the 
control input that latches the row address bits and the states of CAS, DT/OE, WB/WE, SE and 
DSF to invoke the various random access and data tr*ansfer operating modes shown in Table 2. 

RAS has minimum and maximum pulse widths and a minimum precharge requirement which must 
be maintained for proper device operation and data integrity. The RAM port is placed in standby 
mode when the RAS control is held “high”. 

COLUMN ADDRESS STROBE : C7\S 

CaS is the control input that latches the column address bits and the state of the special 
function input DSF to select, in conjunction with the RAS control, either read/write operations or 
the special block write feature on the RAM port when the DSF input is held “low” at the falling 
edge of RAS. Refer to the operation truth table shown in Table 1. CAS has minimum and 
maximum pulse widths and a minimum precharge requirement which must be maintained for 
proper device operation and data integrity. CAS also acts as an output enable for the output 
buffers on the RAM port. 

DATA TRANSFER/OUTPUT ENABLE : DT/OE 

The DT/OE input is a multifunction pin. When DT/OE is “high” at the falling edge of RAS, 
RAM port operations are performed and DT/OE is used as an output enable control. When the 
DT / OE is “low” at the falling edge of RAS, a data transfer operation is started between the RAM 
port and the SAM port. 
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WRITE PER BIT/WRITE ENABLE : WB/WE 

The WB/WE input is also a multifunction pin. When WB/WE is “high” at the falling edge of 
RAS, during RAM port operations, it is used to write data into the memory array in the same 
manner as a standard DRAM. When WB/WIJ is “low" at the falling edge of RAS, during RAM 
port operations, the write-per-bit function is enabled. The WB/WE input also determines the 
direction of data transfer between the RAM array and the serial register (SAM). 

When WB/WE is “high” at the falling edge of RAS, the data is transferred from RAM to SAM 
(read transfer). When WB/WE is “low” at the falling edge of RAS, the data is transferred from 
SAM to RAM (write transfer). 

WRITE MASK DATA/DATA INPUT AND OUTPUT : Wi /I0i~WWI04 

When the write-per-bit (New Mask Mode) function is enabled, the mask data on the Wj/IOi 
pins is latched into the write mask register (WMl) at the falling edge of RAS. Data is written 
into the DRAM on data lines where the write-mask data is a logic “1”. Writing is inhibited on 
data lines where the write-mask data is a logic “0”. The write-mask data is valid for only one 
cycle. Data is written into the RAM port during a write or read-modify-write cycle. The input 
data is latched at the falling edge of either CAS or WB/WE, whichever occurs late. During an 
early-write cycle, the outputs are in the high-impedance state. Data is read out of the RAM port 
during a read or read-modify-write cycle. The output data becomes valid on the Wi/IOi pins after 
the specified access times from RAS, CaS, DT/CE and column address are satisfied and will 
remain valid as long as CaS and DT/OE are kept “low”. The outputs will return to the 
high-impedance state at the rising edge of either CaS or DT/OE, whichever occurs first. 

SERIAL CLOCK : SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in 
or out of the SAM registers at the rising edge of SC. In a serial read, the output data becomes 
valid on the SIO pins after the maximum specified serial access time tscA fi’onr the rising edge of 
SC. The serial clock SC also increments the 9-bits serial pointer (8-bits in split register mode) 
which is used to select the SAM address. The pointer address is incremented in a wrap-around 
mode to select sequential locations after the starting location which is determined by the column 
address in the read transfer cycle. When the pointer reaches the most significant address location 
(decimal 511), the next SC clock will place it at the least significant address location (decimal 0). 
The serial clock SC must be held at a constant Vni or Vm level during read/pseudo write/write 
transfer operations and should not be clocked while the SAM port is in the standby mode to 
prevent the SAM pointer from being incremented. 
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SERIAL ENABLE : §E 

The SE input is used to enable serial access operation. In a serial read cycle, S^E is used as 
an output control. In a serial write cycle, SE is used as a write enable control. When SE is 
“high”, serial access is disabled, however, the serial address pointer location is still incremented 
when SC is clocked even when SE is “high". 

SPECIAL FUNCTION CONTROL INPUT : DSF 

The DSF input is latched at the falling edge of RAS and CAS and allows for the selection of 
various random port and data transfer operating modes. In addition to the conventional multiport 
DRAM, the special features consisting of write per bit 2, block write, block write (mask 1 &; 2) ,load 
color/mask register and split read transfer can be invoked. 

SPECIAL FUNCTION OUTPUT : QSF 

QSF is an open drain output signal which, during split register operation, indicates which half, 
of the split SAM is being accessed. Since QSF is an open drain output, it must be pulled up to 
vcc with an appropriate pull-up resistor. QSF “on” (low state) indicates that the lower split SAM 
(Bits 0 thru 255) is being accessed and QSF“ off’ (open state) indicates that the upper split SAM 
(Bits 256 thru 511) is begin accessed. After the QSF has toggled to either an open or low state, a 
delay of tsTS iTiust be met before a split read transfer operation can be performed on the non-active 
half of the split SAM. 

S ERIAL INPUT/OUTPUT : SI01~SI04 

Serial input and serial output share common I/O pins. Serial input or output mode is 
determined by the most recent read, write or pseudo write transfer cycle. When a read transfer 
cycle is performed, the SAM port is in the output mode. When a write or pseudo write transfer 
cycle is performed, the SAM port is switched from output mode to input mode. During subsequent 
write transfer cycle, the SAM remains in the input mode. 
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OPERATION MOPE 

The RAM port and data transfer operating of the TC524259BJ/BZ are determined by the state 
of UAB, DT/OE, WB/WE, SE and DSF at the falling edge of RAS and by the state of DSF at the 
falling edge of EAS.' The Table 1 and the Table 2 show the operation truth table and the 
functional truth table for a listing of all available RAM port and transfer operation, respectively. 


Table 1. Operation Truth Table 


CAS falling edge 


RAS falling edge 

IS 

0 

0 

1 

1 


AS^ 

OlX 



0 

1 

0 

1 

1 

0 

0 

0 

CAS before 

Write Transfer 

RAS Refresh 

Write Transfer 

Write Transfer 

Write Transfer 

1 

0 

0 

1 

Pseudo V^rite Transfer 

Pseudo Write Transfer 

1 

0 

1 

* 

Read Transfer 

Split Read Transfer 

Read Transfer 

Split Read Transfer 

1 

1 

0 

•k 

Read/Write per Bit 1 

Read/Write per Bit 2 

Block Write (Mask 1) 

Block Write (Mask 2) 

1 

1 

1 

* 

Read/Write 

load Mask 

Block Write 

Load Color 


Table 2. Functional Truth Table 


Function 

rasIl 

caSL 

Address 

W/10 

Write 

Mask 

Register 

CAS 

DT/OE 

WB/WE 

DSF 

§ 

DSF 

RAS 

casIl 

RAs1_ 

casIl 

CAs1_ 

WE 

WMl 

Color 

CAS before RAS Refresh 

0 

a 

Bj 

B 

B 

- 

* 

- 

* 

Bi 

- 

- 

m 

- 

Write Transfer 

1 

B 


B 

i 

* 

Row 

TAP 

• 

* 

* 

- 

- 

- 

Pseudo Write Transfer 

1 

S 


B 

B 

* 

Row 

TAP 

* 

* 

* 

- 

- 

- 

Write Transfer 

1 

D 

0 

B 

B 

* 

Row 

TAP 

* 

* 

g 

- 

- 

- 

Read Transfer 

1 

0 

1 

B 

B 

« 

Row 

TAP 

B| 

* 

S 

g 

- 

- 

Split Read Transfer 

1 

0 

B 

B 

B 

* 

Row 

TAP 

* 

* 

* 

S 

~ 

- 

Write per Bit 1 

1 

1 

0 

0 

* 

0 

Row 

Column 

WMl 

- 

DIN 

WMl 

Load 

use 

- 

Block Write (Mask 1) 

D 

1 

0 

0 

* 

1 

Row 

Column 

A2C-8C 

WM1 

Column 

Select 

- 

WMl 

Load 

use 

use 

Write per Bit 2 

B 

1 

0 

B 

B 

0 

Row 

Column 

* 

- 

DIN 

WMl 

use 

- 

Block Write (Mask 2) 

B 

1 

0 

B 

B 

|n| 

Row 

Column 

A2C-8C 

m 

Column 

Select 

- 

WMl 

use 

use 

Read Write 

B 

n 

B 

B 

B 


Row 

Column 

m 

- 

DIN 

- 

- 

- 

Block Write 

B 

B 

B 

B 

i 

1 

Row 

Column 

A2C-8C 

g 

Column 

Select 

- 

- 

- 

use 

Load Mask 

B 

B 

B: 

B 

B 

0 

Row 

* 

g 


WMl 

- 

Load 

- 

Lo.^d Color 

_1 

1 

1 

1 

A 

1 

Row 

* 

‘ 


Color 

- 

- 

Load 


* : “0” or “1” , TAP : SAM start address , — : not used 
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If the special function control input (DSF) is in the “low” state at the falling edges of RAS and 
CAS, only tire conventional multiport DRAM operating features can be invoked : CAS-before-llAS 
refresh, wi'ite transfer, ,pseudo-write transfer, read transfer and read write modes. If the DSF input is 
“high” at the falling edge of RAS, special features such as split read transfer, load mask, load color 
register, write per bit 2 and block write (Mask 2), can be invoked. If the DSF input is “low” at the 
falling edge of RAS and “high” at the falling edge of CaS, the block write (No Mask, Mask 1) feature 
can be invoked. 

RAM PORT OPERATION 

FAST pagp: mode cycle 

Fast page mode allows data to be transferred into or out of multiple column locations of the 
same row by pei'forming multiple CAS cycle during a single active RAS cycle. During a fast page 
cycle, the RAS signal may be maintained active for a period up to 100 pseconds. For the initial 
fast page mode access, the output data is valid after the specified access times from RaS, CaS, 
column address and DT/QS. For all subsequent fast page mode read operations, the output data 
is valid after the specified access times from Cl AS, column address and DT / OE. When the 
write-per-bit function is enabled, the mask data latched at the falling edge of RAS is maintained 
throughout the fast page mode write or read-modify-write cycle. 

raS~-only refresh 

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is 
accomplished by performing a memory cycle at each of the 512 rows in the DRAM array within 
the specified Sms refresh period. Although any normal memory cycle will perform the refresh 
operation, this function is most easily accomplished with “RAS-Only” cycle. 

CaS-before-raS refresh 

The TC524259BJ/BZ also offers an internal-refresh function. When CAS is held “low” for a 
specified period (tcsil) before RAS goes “low”, an internal refresh address counter and on-chip 
refresh control clock generators are enabled and an internal refresh operation takes place. > When 
the refresh operation is completed, the internal refresh address counter is automatically 
incremented in preparation for the next CAS-before-RAS cycle. For successive CAS-before-RAS 
refresh cycle, CAS can remain “low” while cycling RAS. , 

HIDDEN REFRESH 

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS “low” from a previous 
read cycle. This allows for the output data from the previous memory cycle to remain valid while 
performing a refresh. The internal refresh address counter provides the address and the refresh is 
accomplished by cycling RAS after the specified EAS-precharge period (Refer to Figure 1). 
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RAS 

CAS 

W1/I01 

i 

W4/I04 


-Pv 


•Memory Cycle' 


Refresh Cycle 


Refresh Cycle 


Valid Data Output 


> 


Figure 1. Hidden Refresh Cycle 

WRITE-PER-BIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable circuits of the RAM 
port. Two types of write-per-bit may be utilized-“New Mask Mode" or “Old Mask Mode". The 
state of the signals required to select the modes of write-per-bit are shown in table 3. 

The write-per-bit 1 (New Mask Mode) function is enabled when WB/WE and DSF are held 
“low" at the falling edge of RAS in a random write operation. Also, at the falling edge of RAS, 
the mask data on the Wi/IOj pins are latched into a write mask register (WMl). New write mask 
data must be presented at the Wi/IOi pins at every falling edge of RAS. A “0" on any of the Wi 
/lO pins will disable the corresponding write circuits and new data will not be written into the 
RAM. A “1" on any of the Wi/IOi pins will enable the corresponding write circuits and new data 
will be written into the RAM. 

The write-per-bit 2 (Old Mask Mode) function is enabled when WB / WE is “low” and DSF is 
“high" at the falling edge of RaS in a random Write operation. This function does not use the 
data present on the Wi/IOi pins at the falling edge of RAS as write mask data. Therefore, data on 
the Wi/IOi pins at the falling edge of RAS is a don’t care (“H” or “L”). The write mask data 
which is utilized by this function resides in the write mask register (WMl). The mask data is 
placed into the “WMl" write mask register by using either the “Load Mask Register Cycle”, 
“Write-pei'-bit 1 (New Mask Mode) Function”, or “Block Write 1 (New Mask Mode) Function” 


Table 3. Write-per-bit function truth table 


At the falling edge of RAS (RAS\) 

CAS\ 

Function 

CAS 

DT/OE 

WB/WE 


W/IO 

DSF 

H 

H 

H 

L 

* 

L 

Normal Write 

H 

H 

L 

Bi 

WMl 

L 

Write-per-bit 1 (New Mask Mode) 

H 

H 

L 

H 

* 

L 

Write-per-bit 2 (Old Mask Mode) 


* : don’t care (H or L) 

An example of the write-per-bit function using a display application is shown in Figures 2 and 
3. 
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Figure 2. Write-per-bit 1 timing cycle 
LOAD COLOR REGISTER 


CRT Display 


MB 

1 

i 

1 

i 

i 

I 

I 
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i 

i 

I 

■ 

j 

B 

B 

B 

B 

B 

B 
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B 

B 

B 
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B 

B 

□ 

□ 

□ 
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B 

B 

B 

B 

B 

□ 

B 

□ 

B 

B 


iJEl 

§ 

B 

B 

B 

B 

□ 

B 

B 

□ 

B 

B 



B 

B 

B 

B 

□ 

□ 

□ 

□ 

□ 

g 

B 


Jig 

B 

g 

B 

□ 

B 

B 

B 

B 

□ 

B 

B 

gj 


B 

§ 

□ 

B 

B 

B 

B 

B 

□ 

B 




B 

□ 

B 

B 

B 

B 

B 

B 

B 

B 

B 


■1 

■ 
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1 

■ 

■ 

H 

■ 

■ 

■ 

■ 

1 

■ 


Oi 

»C 

)0 



' L 




'0" Write 
No Write (Masked) 
■ 'r Write 
’ No Write (Masked) 


Figure 3. Corresponding bit-map 


The TC524259BJ/BZ is provided with an on-chip 4-bits register (color register) which is used 
in the block write function. Each bit of the color register corresponds to one of the DRAM I/O 
blocks. The load color register cycle is initiated by holding CAS, DT / OE, WB / WE and DSF 
“high” at the falling edge of RAS and by holding DSF “low" at the falling edge of CAS. The data 
■presented on the Wi/IOi lines are subsequently latched into the color register at the falling edge of 
CAS orWE/WE, whichever occurs later. During the load color register cycle, a valid row address 
(Ao thru As) is not required. However, the memory cells of the row address which is latched at 
the falling edge of RAS is refreshed. 
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LOAD MASK REGISTER 

The TC524259BJ / BZ has an on-chip 4 bit register (WMl register) which provides the I/O 
mask data during the write-per-bit (New and Old Mask Mode) and Block Write (New and Old 
Mask Mode) functions. Each bit of the mask register corresponds to one of the DRAM I/O blocks. 

The mask data must be specified in the WMl register by using the load mask register cycle prior 
to the execution of “Write-Per-Bit 2" and “Block Write 2” old mask mode functions. The load 
mask register cycle is initiated by holding CAS, DT/QD, WB/WE and DSF “high” at the falling 
edge of RAS and by DSF “high” at the falling edge of CaS. The data presented on the Wj/IOi 
lines are subsequently latched into the mask register at tl\e falling edge of either CAS or ’WB/WE, 
whichever occurs later. The mask data which is latched into the WMl register will also be 
updated by the write-per-bit 1 (New Mask Mode) or Block Write 1 (New Mask Mode) functions. 
During the load mask register cycle, a valid row address (Aq thru Ag) is not required. However, 
the memory cells of the row address which is latched at the falling edge of RAS is refreshed. 

BLOCK WRITE 

Block write is a special RAM port write operation which, in a single RAS cycle, writes the 
data in the color register into 4 consecutive column address locations starting from a selected 
column in a selected row. Three modes of block write operation may be selected-No Mask Mode, 
New Mask Mode, Old Mask Mode. Column mask capability is applicable on all three modes. The 
seven most significant column addresses (A2C~A8C) are latched at the falling edge of CAS to 
designate the starting column address and the two least significant column addresses (A0C~A1C) 
are “don’t care”. The column mask data is also provided on the Wi/IOi pins at the falling edge of 
CAS. This column mask data will enable / disable the widte operation on any of the 4 consecutive 
column address locations. 

A block write cycle is selected by holding CAS, and DT/OE “high” at the falling edge of RAS 
and DSF “high” at the falling edge of CAS. The state of the WB/WE and DSF inputs at the 
falling edge of RAS will select one of the three modes of block write as shown in the following 
table 4. 

When the DSF input at the falling edge of RAS is “low”, the state of WB/WE selects either 
“No Mask Mode” or “New Mask Mode”. If WB/WE is “high” at the falling edge of RAS, the 
block write (No Mask Mode) is selected. If ’WB/WE is “low” at the falling edge of RAS, the block 
write 1 (New Mask Mode) is selected and the mask data on the Wj/IOj pins are latched and used 
like the write-per-bit 1 (New Mask Mode) function. 

If DSF is “high” and WB/WE is “low” at the falling edge of RAS, then the block write^2 (Old 
Mask Mode) is selected and the mask data stored in the “WMl” register is used. The I/O masking 
for this function is used in the same manner as the write-per-bit 2 (Old Mask Mode).. 
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Table 4. &lock Write function truth table 


At the falling edge of RAS (RAS\) 

CA?\ 

Function 


DT/SI 

WB/WE 

DSF 

Wi/IOi 

DSF 

Wj/lOi 

H 

H 

H 

■■ 

* 

H 

Column Mask 

Block Write (No Mask Mode) 

H 

H 

L 

L 

WM1 

H 

Column Mask 

Block Write (Mask 1) (New Mask Mode) 

H 

H 

L 

H 

• 

H 

Column Mask 

Block Write (Mask 2) (Old Mask Mode) 


* : don’t care (H or L) 


An example using the block write 1 (New Mask Mode) function with a data mask on Wi/IOi, 
W 4 /IO 4 and column 2 is shown in Figure 5. Also, an example using a window clear clear and fill 
application is shown in Figure 6 . 


RAS 

CA5 

A 0 ~A 8 

wb/We 


Column A2C~A8C 



Wi/IOi : Column 0 
W 2 /IO 2 : Column 1 I H 
W 3 /IO 3 : Column 2 f L 
W 4 /IO 4 : Columns 


: Write 
: Write Mask 


Figure 4. Block Write Timing 
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Figure 5. Example of Block Write Operation 



Figure 6. Examples of Block Write Application 


FAST PAGE MODE BLOCK WRITE CYCLE 


Fast page mode block write can be used to peiTorm high speed clear and fill operations. 

The cycle is initialed by holding the DSF signal “low” at the falling edge of RTtS and a fast page 
mode block write is performed during each subsequent CAS cycle with DSF held “high” at the 
falling edge of CAS. 

If the DSF signal is “low” at the falling edge of CAS, a normal fast page mode read / write 
operation will occur. Therefore a combination of block write and read/write operations can be 
performed during a fast page mode block write cycle. Refer to the example shown in Figure 10. 



Block Write Cycle Read/Write Cycle Block Write Cycle 


Figure 7. Fast Page Mode Block Write Cycle 
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SAM PORT OPERATION 

The TC524259BJ/BZ is provided with a 512 words by 4 bits serial access memory (SAM) which 
can be operated in the single register mode or the split register mode. 


SINGLE REGISTER MODE 

When operating in the single register mode, high speed serial read or write operations can be 
performed through the SAM port independent of the RAM port operations, except during 
read / write / pseudo-write transfer cycles. The preceding transfer operation determines the direction 
of data flow through the SAM port. If the preceding transfer operation is a read transfer, the 
SAM port is in the output mode. If the preceding transfer operation is a write or pseudo write 
transfer, the SAM port is in the input mode. The pseudo write transfer operation only switches 
the SAM port from output mode to input mode; Data is not transferred from SAM to RAM. 

Serial data can be read out of the SAM port after a read transfer (RAM-’SAM) has been 
performed. The data is shifted out of the SAM port starting at any of the 512 bits locations. 

The TAP location corresponds to the column address selected at the falling edge of CAS during the 
read transfer cycle. The SAM registers are configured as circular data registers. The data is 
shifted out sequentially starting from the selected tap location to the most significant bit and then 
wraps around to the least significant bit, as illustrated below. 

Start address : Tap location 



rii 



ra 



509 

510 




iiJ 






Subsequent real-time read transfer may be performed on-the-fly as many times as desired, 
within the refresh constraints of the DRAM array. Simultaneous serial read operation can be 
performed with some timing restrictions. A pseudo write transfer cycle is performed to change the 
SAM port from output mode to input mode in order to write data into the serial registers through 
the SAM port. A write transfer cycle must be used subsequently to load the SAM data into the 
RAM row selected by the row address at the falling edge of RAS. The starting location in the 
SAM registers for the next serial write is selected by the column address at the falling edge of 
CAS. The truth table for single register mode SAM operation is shown in Table 5. 
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Table 5. Truth Table for SAM Port Operation 


SAM PORT 

OPERATION 

of y OE at the 

falling edge of ^S 

SC 

SE 

FUNCTION 

Preceded by a 



J~L 

L 

Enable Serial Read 

Read Transfer 

Serial Output Mode 


H 

Disable Serial Read 



_rL 

L 

Enable Serial Write 

Write Transfer 

Serial Input Mode 

H 

H 

Disable Serial Write 



XL 

L 

Enable Serial Write 

Pseudo Write Transfer 

Serial Input Mode 


H 

Disable Serial Write 


SPLIT REGISTER MODE 

In split register mode, data can be shifted out of one half of the SAM while a split read 
transfer is being performed on the other half of the SAM. A normal (Non-split) read transfer 
operation must precede any split read transfer operation. The non-split read transfer will set the 
SAM port into output mode. The split read transfers will not change the SAM port mode set by 
preceding normal transfer operation. RAM port operation may be performed independently except 
during split transfers. In the split register mode, serial data can be shifted out of one of the split 
SAM registers starting from any at the 256 tap locations, excluding the last address of each split 
SAM, data is shifted out sequentially starting from the selected tap location to the most significant 
bit (255 or 511) of the first split SAM and then the SAM pointer moves to the tap location selected 
for the second split SAM to shift data out sequentially starting from this tap location to the most 
significant bit (511 or 255) and finally wraps around to the least significant bit, as illustrated in 
the example below. 


Tap location Tap locatiori 



REFRESH 

The SAM data registers are static flip-flop, therefore a refresh is not required. 
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DATA TRANSFER OPERATION 

The TC524259BJ / BZ features two types of internal data transfer capability between RAM and 
the SAM, as shown in Figure 8. During a normal (Non-split) transfer, 512 words by 4 bits of data 
can be loaded from RAM to SAM (Read Transfer) or from SAM to RAM (Write Transfer). During 
a split read transfer, 266 words by 4 bits of data can be loaded from the lower/upper half of the 
RAM into the lower/upper half of the SAM (Split Read Transfer). The normal transfer and split 
transfer modes are controlled by the DSF special function input signal . 



256 columns 256 columns 






Figure 8. (a) Normal (Non-split) Transfer 


(b) Split Read Transfer 


As shown in Table 6, the TC524259BJ/BZ supports four types of transfer operations: Read 
transfer, Split read transfer. Write transfer, and Pseudo write transfer. Data transfer operations 
between RAM and SAM are invoked by holding the DT/OE signal “low” at the falling edge of 
■RAS. The type of data transfer operation is determined by the state of CAS, WB/WE, SE and 
DSF latched at the falling edge of RAS. During normal (Non-split) data transfer operations, the 
SAM port is switched from input to output mode (Read transfer) or output to input mode (Write 
transfer/Pseudo write transfer) whereas it remains unchanged duidng split read transfer operations. 
During a data transfer cycle, the row address Ao~A8 select one of the 512 rows of the memory 
array to or from which data will be transferred and the column address Ao~A8 select one of the 
tap locations in the serial register. The selected tap location is the start position in the SAM port 
from which the first serial data will be read out during the subsequent serial , read cycle or the 
start position in the SAM port into which the first serial data will be written during the 
subsequent serial write cycle. During split read transfer cycles, the most significant column 
address (A8C) is controlled internally to determine which half of the serial register will be reloaded 
from the RAM array. 
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Table 5. Transfer Modes 


at the falling edge of 

Transfer Mode 

Transfer Direction 

Transfer Bit 

SAM Port Mode 

m 


WEAVE 

5£ 

DSF 

H 

■jH 


* 


Read Transfer 

RAM -♦ SAM 

512x4 

Input -» Output 

H 


n 

L 


Write Transfer 

SAM -» RAM 

512x4 

Output -» Input 

H 


B 

H 


Pseudo Write Transfer 

- 

- 

Output Input 

H 


B 


H 

Write Transfer 

SAM -» RAM 

256x4 

Output -> Input 

H 


H 

* 

H 

Split Read Transfer 

RAM -> SAM 

256x4 

Not changed 


^ : “li" or “L” 

READ TRANSFER CYCLE 


A read transfer consists of loading a selected row of data from the RAM array into the SAM 
register. A read transfer is invoked by holding CAS “high”, DT/OE “low” WB/WE “high” and 
DSF “low” at the falling edge of RA§. The row address selected at the falling edge of RAS 
determines the RAM row to be transferred into the SAM. The transfer cycle is completed at the 
rising edge of DT/^E. When the transfer is completed, the SAM port is set into the output mode. 
In a read/real time read transfer cycle, the transfer of a new row of data is completed at the 
rising edge of DT/OE and this data becomes valid on the SIO lines after the specified access time 
tsCA fi'om the rising edge of the subsequent serial clock (SC) cycle. The stai't address of the serial 
pointer of the SAM is determined by the column address selected at the falling edge of CAS. 

Figure 9 shows the operation block diagram for read transfer operation. 



Figure 9. Block Diagram for Read Transfer Operation 


In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be 
held at a constant Vil or Vih, after the SC high time has been satisfied. A rising edge of the SC 
clock must not occur until after the specified delay t'rsD from the rising edge of DT/SE, as shown 
in Figure 10. 
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Figure 10. Read Transfer Timing 

In a real time read transfer cycle (which is preceded by another read transfer cycle), the 
previous row data appears on the SIO lines until the DT/OE signal goes “high” and the serial 
access time tscA for the following serial clock is satisfied. This feature allows for the first bit of 
the new row of data to appear on the serial output as soon as the last bit of the previous row has 
been strobed without any timing loss. To make this continuous data flow possible, the rising edge 
of DT/OE" must be synchronized with RAS, CAS and the subsequent rising edge of SC (tivrn, tCTH> 
and t'rsL/tTSD must be satisfied), as shown in Figure 11. 

The timing restriction tTSL^tTSD are 5ns min/15ns min. The split read transfer mode eliminates 
these timing restrictions. 



Previous Row Data ——New Row Data 


Figure 11. Real Time Read Transfer 
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WRITE TRANSFER CYCLE 

A write transfer cycle transfers the contents of the SAM register into a selected row of the 
RAM array. If the SAM data to be transferred must first be loaded through the SAM port, a 
pseudo write transfer operation must precede the write transfer cycles. However, if the SAM data 
to be transferred into the RAM was previously loaded into the SAM via a read transfer, the SAM 
to RAM transfer can be executed simply by performing a write transfer cycle. A write transfer is 
invoked by holding CAS “high”, DT/OE “low”, WB/WE “low”, SE “low” and DSF “low” at the 
falling edge of RAS. Also if DSF is “high” under the condition of a “high” CAS, “low” DT / OE 
and “low”, WB/WE at the falling edge of RAS, a v/rite transfer is invoked independent of the state 


RAS 


i 


\ 


CAS 




/ 


Ao~A8 

WB/WE 

DT/UE 

W,/i 0 i~W 4 /l 04 

Si 

SC 

SI01--SI04 

DSF 




Mask Data f' 0 : Not Transferred 
I 1 : Transferred 


*1 DSF 

*2 SE 

Operation 

L 

L 

Write Transfer 

H 

L or H 

Write Transfer 


Figure 12. Write Transfer Timing 


The row address selected at the falling edge of RAS determines the RAM row address into 
which the data will be transferred. The column address selected at the falling edge of CA§ 
determines the start address of the serial pointer of the SAM. After the write transfer is 
completed, the SIO lines are set in the input mode so that serial data synchronized with the SC 
clock can be loaded. 


C-235 









I U0^4Z0»DU/D^-0U, I U0^4^0;:IDJ/D^- I U 


256 columns 256 columns 



Active SAM 

QSF Level 

lower SAM 

"Low” 

upper SAM 

"High" 


Active Non-Active 


Figure 14. Split Register Mode 



lower SAM : Active upper SAM ; Active lower SAM : Active 

Figure 15. QSF Output State During Split Register Mode 


SPLIT HEAD TRANSFER CYCLE 

A split read transfer consists of loading 256 words by 4 bits of data from a selected row of the 
split RAM array into the corresponding non-active split SAM register. 

Serial data can be shifted out of the other half of the split SAM register simultaneously. The 
block diagram and timing diagram for split read transfer mode are shown in Figure 16 and 17, 
respectively. During split read transfer operation, the RAM port input clocks do not have to be 
synchronized with the serial clock SC, thus eliminating timing restrictions as in the case of 
on-the-fly read transfers. A split read transfer can be performed after a delay of tSTS. from the 
change of state of the QSF output, is satisfied. 



? 


SIO 

Figure 16. Block Diagram for Split Read Transfer 
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SAM Start Addrcst SIO,~SIO, 

X / ^ ON 



Selected 

Row 


Mask 

Data 


Figure 13. Block Diagram for Write Transfer Operation 

When consecutive write transfer operations are performed, new data must not be written into 
the serial register until the RAS cycle of the preceding write transfer is completed. Consequently, 
the SC clock must be held at a constant Vil or Vih during the RAS cycle. A rising edge of the 
SC clock is only allowed after the specified delay tsilD from the rising edge of RAS, at which time 
a new row of data can be written in the sei'ial register. 

PSEUDO WRITE TRANSFER CYCLE 

A pseudo write transfer cycle must be performed before loading data into the serial register 
after a read transfer operation has been executed. The only purpose of a pseudo write transfer is 
to change the SAM port mode from output mode to input mode (A data transfer from SAM to RAM 
does not occur). After the serial register is loaded with new data, a write transfer cycle must be 
performed to transfer the data from SAM to RAM. A pseudo write transfer is invoked by holding 
CaS “high", DT/OE “low”, WB/WE “low”, SE “high” and DSF “low” at the falling edge of EaB. 
The timing conditions are the same as the one for the write transfer cycle except for the state of 
SE at the falling edge of RAS. 

SPLIT READ TRANSFER AND QSF 

The TC524259BJ / BZ features a split read transfer capability between the RAM and the SAM. 

During split read transfer operation, the serial register is split into two halves which can be 
controlled independently. Split read transfer operations can be performed to one half of the serial 
register while serial data can be shifted out of the other half of the serial register, as shown in 
Figure 14. The most significant column address location (A8C) is controlled internally to 
determines which half of the serial register will be reloaded from the RAM array. QSF is an 
output in which indicates which half of the serial register is in an active state. QSF changes 
state when the last SC clock is applied to active split SAM, as shown in Figure 15. 
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Figure 17. Timing Diagram for Split Read transfer 


A normal (Non-split) read transfer operation must precede split read transfer cycles as shown 
in the example in Figure 18. 



Figure 18. Example of Consecutive Read Transfer Operations 
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SPLIT-REGLSTER OPERATION SEQUENCE (EXAMPLE) 

Split read transfers must be preceded by a normal read transfer. Figure 19 illustrates an 
example of split register operation sequence after device power-up and initialization. After 
power-up, a minimum of 8 IIAS aiid 8 SC clock cycles must be performed to properly initialize the 
device. A read transfer is then performed and the column address latched at the falling edge of 
CAS sets the SAM tap pointer location which up to that point was in an undefined location. 
Subsequently, the pointer address is incremented by cycling the serial clock SC from the starting 
location to the last location in the register (address 511) and wraps around to the tap location set 
by the split read transfer performed for the lower SAM while the upper SAM is being accessed. 
The SAM address is incremented as long as SC is clocked. The following split read transfer sets a 
new tap location in the upper split SAM register address 256 in this example and the pointer is 
incremented from this location by cycling the SC clock. 
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^'CC Pause Dummy Read Split Read Split Read *\Wnte° 



Figure 19. Example of Spilit SAM Register Operation Seguence 

The next operation is a pseudo write transfer which switches the SAM port from output mode to 
input mode in preparation for either write transfers or split write transfers. The column address 
latched at the falling edge of CAS during the pseudo write transfer sets the serial register tap 
location. Serial data will be written into the SAM starting from this location. 

TRANSFER OPERATION WITHOUT CAS 

During all transfer cycles, the CAS input clock must be cycled, so that the column address are 
latched at the falling edge of CAS, to set the SAM tap location. If CAS was maintained at a 
constant “high” level during a transfer cycle, the SAM pointer location would be undefined. 
Therefore a transfer cycle with CAS held “high” is not allowed (Refer to the illustration below). 
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TAP LOCATION SELECTION IN SPLIT READ TRANSFER OPERATION 

(a) In a split read transfer operation, column addresses AOC through A7C must be latched at the 
falling edge of CAS in order to set the tap location in one of the split SAM registers. During 
a split read transfer, column address A8C is controlled internally and therefore it is ignored 
internally at the falling edge of CAS. 

^ \_ _J 

CS5 \_/ 

t t 

A0R~A8R A0C~A7C (A8C is don't care:High or Low) 

During a split transfer, it is not allowed to set the last address location (A0C~A7C = FF), in 
either the lower SAM or the upper SAM, as the tap location. 

(b) In the case of multiple split read transfers performed into the same split SAM register, the tap 
location specified during the last split read transfer, before QSF toggles, will prevail. In the 
example shown below, multiple split read transfers are performed into the upper SAM 
(Non-active) while the lower SAM (active) is being accessed at the time when QSF toggles, the 
first SC serial clock will start shifting serial data starting from the Tap N address location. 

RAS 

CAS 

Address 

QSF 

SC 

I _Multiple Split read transfer into upper SAM _Serial access of upper SAM 

j Serial access of lower SAM i starting at Tap N location 


J V. 


^_ r 
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lower SAM : Active 
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Last First upper SAM : Active 


lower SAM : Non-active 


—TLrLrL. 




Clock 
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SPLI T READ TRANSFER OPERATION ALLOWABLE PERIOD 

Figure 26 illustrates the relationship between the serial clock SC and the special function 
output QSF during split read transfers and highlights the time periods where split read transfer 
are allowed, relative to SC and QSF. 


Last First Last First Last First 

Clock Clock Clock Clock Clock Clock 



allowed. 


Figure 20. Split Transfer Operation Allowable Periods 
As indicated in Figure 20, a split read transfer is not allowed during the period of tsTH + tsTS- 

SPLIT READ TRANSFER CYCLE AFl^ER NORMAL READ TRANSFER CYCLE 

A split read transfer may be performed following a normal read transfer provided that a 
minimum delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the 
illu.;tralion shown below). 
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NORMAL READ TRANSFER CYCLE AFTER NORMAL READ TRANSFER CYCLE 

Anotlioi’ I'oud Iruiisfci’ may bo jjoj'foj’jiiod iblJowiiiy Uic road Lransfor provided Lliut u minimum 
delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown 
below). 
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NORMAL TRANSFER AFFER SPLIT READ TRANSFER 

A normal transfer (read/write/pseudo write) may be performed following split read transfer 
operation provided that a 30ns minimun delay is satisfied after the QSF signal toggles. 
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POWER-UP 

Power must be applied to the RAS and DT/OE input signals to pull them “high” before or at 
the same time as the Vcc supply is turned on. After power-up, a pause of 200 pseconds minimum 
is required with RAS and DT/OE held “high”. After the pause, a minimum of 8 RAS and 8 SC 
dummy cycles must be performed to stabilize the internal circuitry, before valid read, write or 
transfer operations can begin. During the initialization period, the DT/OE signal must be held 
“high”. If the internal refresh counter is used, a minimum 8 CAS-before-RAS initialization cycles 
are required instead of 8 RAS cycles. 

INITIAL STATE AFTER POWER-UP 

When power is achieved with RAS, CAS, DT/DE and WB/WE held “high”, the internal state 
of the TC524258BJ/BZ is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input 
signal levels. Therefore, it is recommended that the initial state be set after the initialization of 
the device is performed (200 pseconds pause followed by a minimum of 8 RAS cycles and 8 SC 
cycles) and before valid operations begin. 



State after power-up 

SAM port 

Input Mode 

QSF 

High- Impedance 

Color Register 

all "0" 

WM1 Register 

Write Enable 

TAP pointer 

Invalid 
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